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Th gptabollc fitness of_ whole organisns, e.d., exercise
us oHarweﬁhém@y DHBAT Y RELYSi 86 @ ATk E A0T anp@dequyna sedentary lifestyle

and metabolically unfit state, rather than being the true risk-factor itself.

These findings have potentially profound clinical and public health implications. A

‘physician’s focus on the body fat of a patient may be misplaced if the key variable to monitor is

metabolic fitness. Similarly, pharmaceutical companies looking for drugs that improve health
might be better advised to work on agents that increase tissue oxidative {aerobic) capacity than
on agents that reduce body fat content. However, currently available methods for assessing the

metabolic fitness of whole organisms, e.g., exercise testing, are crude, non-biochemical, poorly

reproducible, and difficult to perform.
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requires an individual to exercise on equipment such

as a treadm || or stationary bike, with continuous

el ectrocar di ographi c and bl ood pressure nonitoring.

Typically, exercise is continued under a controlled
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isotopically labeled precursor molecule for a period of time sufficient for the label of
- said isotopically labeled precursor molecule to be incorporated into a mitochondrial

molecule in said living system, the method comprising;

a) measuring the isotopic content, isotopic pattern, rate of change of
. isotopic content, or rate of change of isotopic pattern of said mitochondrial molecule;
and '

b) calculating the rate of synthesis or degradation of said mitochondrial
molecule to assess metabolic filness or aerobic demand of said living

system.
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the isotopically | abel ed precursor nolecule is | abeled
Wth a stable isotope. In another variation, the

i sotopically | abel ed precursor nay be one or nore

of ?H- | abel ed gl ucose, 13C-labeled glucose, a
2H- | abel ed am no acid, a 15N-|abeled amno acid, a
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nmuscl e, and adi pose-ti ssue.



The living system may al so be an animal. The ani mal
may be a mammal . The mammal may be a rodent. The
manmal may be a human. The living system may be a
cell. In a further variation, the cell is a platelet.
In another variation, the cell may be a cultured cel
in a high-throughput screening assay system 3a . WO
In @fg@hﬁro'znm, PETVHE2AeRMOBIERS U Nafatfdit toh 85sueainddPuscle
tissue such uring isotopi ontent, pattern or
ra$g§%?ﬁéﬁ%%g§§%¥mrfs&?gﬁ%%aegﬁ&éﬁFFmﬁﬁ-pattern may be
performed by mass spectroscopy, NWVR spectroscopy, or
o Bt R L Sl bt e} DEE ARELA 8 s
ma e a .
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are directed to identifying a drug agent capabl e of
The laxmgeqystng mayeiealrell.i o offiftiee Sari0en, %rcﬁﬁ’js% dﬂﬁ&gtn% ertot r variation
iving,sysfem.In one variation, the method includes '
the cell mae'\”sbsceas‘%ltr‘i'gec{ Gr?@ et biglytlireughpun sereenine asenyotysierdenand of
the living system admnistering the drug agent to
the living system and assessing the netabolic fitness
.or aerobic demand of the living system wherein a
change in the netabolic fitness or aerobic demand of
‘the living systembefore and after adm nistration of
the drug agent identifies the drug agent as capabl e of
altering the netabolic fitness or aerobic demand of
the living system In another variation, the nethod
i ncl udes assessing the netabolic fitness or aerobic
demand of a first the living system wherein the drug
agent has not been administered to the first living
system assessing the netabolic fitness or aerobic.
demand of a second the living systemto which the drug
agent has not been administered, and conparing the
metabolic fitness or aerobi ¢ demand in the first and
second |living systens, wherein a .change in the
nmet abolic fitness or aerobic demand. of the first and
second |iving systenms identifies the drug agent as
capabl e of altering the netabolic fitness or aerobic
demand of the living system The living system may be
“a mamal , such as a human or a rodent. The |iving
" systemnay be a cell, such'as a cultured cell in a
hi gh-t hroughput screening assay system In a further
variation, the isotopically |abeled precursor nolecul e
is contacted with cell culture nedia. In an
addi tional variation, the drug agent is tested for the .
ability to prevent deconditioning of a [iving system
Ina-still further variation,..drug agent is tested for
the ability ' '
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to increase netabolic fitness or aerobic demand in

to an exercise or other training reginen
VJ&iB%dﬁ?r 'onal variation, the present invention |‘¥"é§2§@’029“2(

directed to previously identified drug agents.
Disclosed is a kit for assessing the netabolic fitness
of a living system The kit may include one or nore
isotopically |abeled precursor nolecules and
instructions for use of the kit I n anot her variation

the kit
ina ffif Yol oSBT Fegbwirioaptefiicantent aafs Bt s of Bhange of
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assessmg }ﬂmhb »letabch?f fanéss opﬁflﬁbiélﬂénﬁnh of the QivingSyaem] Adinidi@ering the drug
olic fitness of .a |living system conprising
agent tPé%ﬂta]é‘ﬁrlg: system; |aaeérseas%thermet%)° lic fitpesy en qegiiuc ¢ erlalar%%g 1h living
systen‘rt %e}é{nt a cHAREE &l Me bREbkiit fst'SerMid Jﬂarﬂgzﬁ‘ﬁ ARRLRARE System before
first aSpect, D scl oseg I's an iIsol ated
and aﬂﬁs@hmplsuraﬂld’ryofﬂbr dwebedntriilemidies Hurdrag agohigs dapablatofdltering the
ol at ed. car.di 0

metabdi R0 B AP S B s TS e e b B Bafa fmethos

includ&¥ras¥96n® fheRétehdlis FLaNEE of althie dehRT ol Sxst fhellReng §stem, wherein
Al so disclosed is an isol ated isotope-| abel ed

the drugjagenithan et been Adinisesisred Hathe T35 liyeng siptmerssAggingthe metabolic
fitness 'of ArORE dle:?rgﬁr!l gfja SeSEY %ﬂvﬂga%ﬁ& t? ; Irﬂcht tﬂ@ dp%?é%%lt has not been

or gani sm a perio ci ent
adminisemtlppel doaipahngfhetlhﬁa'&:dm fitpessloa babbid dpmemdrhstdlle first and second

hvmg%kg)gﬂl ere:g@l ecor[e nco;a%q‘rb&ed |nt oc ?ﬁ?ﬂ@@‘kaﬂd

secondllﬁrnﬁgbyetéﬁ.@p&&hﬁe@ﬁeer@g ag"enpﬁst J&gamé 6f A1&fihg fﬂ@é metabolic fitness or
i sotopically | abel ed water adm n| stration and

acrobicsdpmsing of die|lvdng sygtefn rThealpgno system may be a mammal, such as a human or a
rodent. The living system may be a cell, such as a cultured cell in a high-throughput scieening

assay system. In a further variation, the isotopieally labeled precursor molecule is contacted with
cell culture media. In an additional variation, the drug agent is tested for the ability to prevent
deconditioning of a living system. In a still further variation, drug agent is tested for the ability
fo increase metabolic fitness or aerobic demand in response to an exercise or other training

regimen. In an additional variation, the present invention is also directed to previously identified

drug agents.

Disclosed is a kit for assessing the metabolic

fitness of a living system. The kit may include one or more isotopically labeled precursor

molecules and instructions for use of the kit. In another variation, the kit may include further




1. ° Figure 1B illustrates the protocol for
isotopically | abel ed water (21U) adm ni strati on and
sanpl e col l ection for human subjects. Figure 2A shows
including 4 el foedeasiediing BEIEROPREIIONaied fieb6960 AT BlcS UG LGN ther
vadation, [}21}—% into mtochondrial DNAisolated from
ation, hg e iy e tnetpde @ ondraai foppbiasered stanple djomi e abject. Ina
still furtheinﬁﬂﬁﬂf)ﬁ(ii b i { f
b o RS T TR, PR AR RS SR DATRY Ypglodate
m tochondrial DNA isolated from human nuscl e bi opsies
as neasured by gas chromat ography/ nass spectronetry.

In another Eisgent &thark is pesvdddekierop @esmﬁgache Pt ffitfeds ot Efﬁvmg system,
nthesis of mtochondri al

surenment o '
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bi opsi es taken after the human subjects ingested
21120. Figure 3B shows the effects of different
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f‘r?g;%rﬁcﬁl:\es??agpég m%lib;g?ﬁ%\{lo m ?@gﬁtgﬁ%% E'P%%]osphol i pi ds.
metabolig fitngps obp liying systempernpEsiog3/ 029526 Fi gure 4A shows

the increased incorporation of 2H from adm ni stered
2H20 into cardiolipin (CL), phosphatidyicholine (PL),

ahnd pRrinalyilakaled Walgsl ami ne (PE) in mitochondria

b) sol %ﬁqcﬁd@%;%&lt’@@kﬂm nmuscl e of rats subjected to
vol untary exercise I gure 4B shows the increased

wheeein therkat is asedowitl Biefmettoddhibnifisstewgstt 2H20 i nt o
cardiolipin (CL), phosphatidylcholine (PL), and

. .phosphat i dyl et hanol anmi ne (PE) i n m t ochondri a
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A'gcf %{ﬁ‘it"%se% gr?@ésoﬁaﬁ%sﬁ%‘}e'leﬁ%ﬂgﬁofﬁ?ﬂdp val ues. Figure 6
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become inco r&@aﬁ&sgsn@@émﬁ&ﬁalmareem are present. DETAILED
SCRI PTION OF THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS -

Figure 1A is an exemplary schematic of the protocol forisotopically labeled water (IHZO)

administration and sample qé;l-lectiou for rats.

Figure 1B illusteates the pmtocol for isotopically Iabelod water (¢ HzO) administration and

sample collectton for human subjects.

Figure 2A shows the increased incorpoiation of 2H from administered 2E1;0 into
amitochondrial DNA ‘isolated from;ﬁts_subjcctcd to one week of exercise training as mcasu_rcd I_Jy

gas chromatography/mass spectrometry.



The present invention provides nmethods for the
bi ochem cal assessnent of netabolic fitness by
nmeasuring the rate of mtochondrial synthesis or
degradation of mtochondrial nolecules such as
deoxyri bonucl ei ¢ acids (DNA), ribonucleic acids (RNA),
- Fipnot 28 demondtratdsphelcompoition@ioHdhiocamBbcHoh8s1aSN ATiRslated from
B rg% of synthesis or degradation js based on the
uman mugcle Bigpgics ghmstiured Ry 5 ChEmlPRAgRYAINES PAFEOBE Ehange
of the isotopic content and/or pattern in

FiglifeOO il 4 @ik e R RAHA ProBasiubL thedhil ShireAd (fP]\ &L EﬁE b@gmthcsls

of, or contact with, one or nore 1isotopica
Ofmltocwﬂ@@alw and|mitashewdrial nhfl’?dléiphgldlssmhmpmcaiujgctﬁ abaiees:ured from

m:tochonﬁ]@% &b F]itéwr almus%}c bslcﬁ)ﬁsoeo %a@qa&ﬁzg |tﬁ‘§rlé‘i}ﬁﬁi]os&ﬁb6§%bﬁg%slt“iﬁc LO.

of the present invention will generally utilize,
I‘iguﬂcéﬁlsﬂmtvdl'sehwéﬁ&lté Gﬁilﬁ‘&hﬁdﬁ}.berﬂlﬁ@ mgmﬂ:rﬁln;lal 1g§(ﬁ|§)hilaitﬂhl @3 ’H fiom
ecul ar. hi ol qQ m_cr obi ol ogy, ce i ol ogy,
adm'n‘swb‘ﬁdog@rﬁlg’t’i“ W}Qﬂé”gl PhasAhliglls. which are within the
skill of the art. Such techniques are fully explained
inthe literature, for exanple, in Cell Biology: A
Laboratory Notebook QE. Cellis, ed., 1998); Current
Protocols in Ml ecular Biology (F.M Ausubel et al.
eds, 1987); Short Protocols in Ml ecular Biology
(Wley and Sons, 1999); Mass |sotoponer Distribution
~Analysis: 'l Technique for 6 WD 2004/ 024941
PCT/ US2003/ 029526 Measuri ng Bi osynt hesi s and Turnover
of Polyners (Hellerstein et al., AmJ Physiol 263
(Endocrinol Metab 26): E988- E1001 (1992)); and Mass
| sot oponer Distribution Analysis at Eight Years:
Theoretical, Analytic, and Experinental Considerations
(Hellerstein at al., AmJ Physiol 276 (Endocrino
Met ab 39): E1146-1170 (1999)). Furthernore, procedures
enpl oying comrercially avail able assay kits and
reagents wll typically be used according to
manuf acturer defined protocols unless otherw se
noted Definitions The ternms "netabolic fitness",
"physical fitness", an d "cardiorespiratory fi tness"”
herein are used |nterchangeably and refer to the
capacity for oxidative nmetabolismor aerobic activity’
of a living system
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By "living systenmf is neant herein any living entity
acell, cell line, tissue, organ, a][Ld]r -

\ﬂf&%oﬁﬂg{}#] The living systemis preferably an orga R0 g/029526

Exanples of organisns include any aninmal, preferably

a vertebrate, nore preferably a mammal, nDst

preferably a human. Exanples of mammal s i ncl ude

nonhuman primtes, farmanimals, pet aninmals, for

exanpl e cats and dogs, and research animals, for

exanpl e mce, rats, d humans

hdage gttrﬁﬂAoﬁhmyaf}Fé?qrﬁae WSWOEP%P%%%%‘P%“G%%O into

cardlsillp? gﬁosghe?t%ﬁﬁélm (PE) QR ﬁh&?fﬁfﬁle’cﬂaﬁfﬂﬁﬁlﬁld@ﬁl} Bemitochondria

oXI atlv eds”i nposed on a ce fissue, or organism '
isolatied froui the hindljmbnenstle pbzats subjected te HeMNtARXPIFISEt oms Wi th

the same nunber of protons and hence the same el enent

ﬁgwehgf%,&é e %L&ea@emg&@oa&ﬁ NGHA] R0t aftBisHstered Hl\@mto

own In the art,

cardislpit 6CL), ﬂmslphatmis'k:ﬂolmﬁ(ﬁm; Iaadl gh@h@tldﬂdﬂmnolh@n@}(ﬂﬁb in lggochondna ‘

refer to te "|s caI | abel ed
ISOIatﬁg @8 Pearﬁﬂﬂgi?ﬂfl ‘g‘atﬁ Sapiegt Efé’ T%Sa’ precur sor
N gk 5 QepRts@he MRRge bﬁbé&h@ﬁ%@@ﬂéﬂs& st T¢fepresstorpinthindlimb
i sotope | abel ed precursor nol ecule from which the

musclesfaorn pats trpinpdforil 7 endb weeks SROhRRTitEC BAFIbemRETgd o gontrols (=6
e ) DA 01555 B, i BB o5 ot s
3HESure BHepictsdd@hrdie CabelaersuhminD/ expirebsion Fiem namy@t@@ed for 4

or ic nolecul e 3 beI ed ni.c .ol es
weel L) stpmrrgL Sonmol LEm ane B3 0 TRE H S sd Sbteen.
gmul-PQIé 2093/ 029526 CO2, 15N—I abel ed organi c nol ecul es
and 15NH3. "Isotool ogues" refer to isotopi c
honol ogues SETAILED DIRPCREJIONON RHE INGENEIPMG ¢t cal
el enental and cheni cal corrp03| tions but di ffer in

i sot opi ﬁe&?&%ﬁ@we‘lﬁmgprov@é@Méﬁnoﬁ@for HEINIRemidal 48&sment of

exanpl e above | sot opol ogues are defined by their

-metabalntitpéss by owposingitmratetdianiichondriabemthesis or dspdator ohas

ue.exac but
mlto@io}l@r&%ﬁ g}obl_ecu%ﬁ oatsgs% y(%léjﬁrélyﬁhgg Bcdé%@ Hﬂf}lﬂfdf&lc d:lds (RNA),
protefri@ Nl Bhid in mFRlchRIdea bSﬁMESS THes o 0 oyreticsis mﬂeghdaﬂhloﬁﬁ:ebased on the
the | ocation of hel(_g]fl es. on. t he. nol ecu gj H

1sotoP1§ cgntent@;qg)quBa 1dhp T Qf‘ & qf dhesisotapic gglets?}('ﬂn é’ﬁ pattern in
mlto&%hdﬁz{l?nolégufefs %[eﬁmted 0 Q8RB iSdion o£¥AEINtI¥RF Y, diRfd® hfore

to mass cal cul ated by sunmi ng the exact masses of all
isotopinaly kbtlobpscursor molecules, including isotopically labeled water, where the 1sotope

label is incorporated into mitochondrial molecules.

General Technigues

Practice of the present invention will generally utilize, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, cell biology, biochemistry, and
iﬁmunology, which are within the skill of the aft. Such techniques are fully explained in the |
literature, for example, in Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998); Current
Protocols in Molecular Biology (F.M. Ausubel et al,, eds, 1987); Short Protocols in Molecular
Biology (Wiley and Sons, 1999); Mass Isotopomer Distribution Analysis: A Technique for .



in the fornula of a nolecule (e.g., 32.04847 for

) 104, NOmM nal mass” refers to the integer
lo)co4 | .
obt ai ne by roundi ng the exact nmass of a nD|e%ﬁﬁ§$wmmuma6

"Mass isotoponer” refers to famly of isotopic isoners
that is grouped on the basis of nom nal mass rather
than isotopic conposition. A nass isotoponer may
conprise nolecules of different isotopic

conposi tions, unlike an isotopol ogue (e.g., CH3NHD

I rt of,the, sa SS .
BB R SN W e RO s 6
(EndapeokYeahab): ES88AB1 002 (1952355 ahdMlaglecporhsr THstidilionyARdlysis at
]ﬁgméégtgﬁﬁlo%uef t hat, arg not .resql ved. by .a nass ,

8E (Brietlerl Apgiicdqud drapirentidpsidgetonsdMelienisin etigl.sAm J
PhysibyPI6q@hlidcrikBaNeab B?}:]%Pﬁ%—slg’/ﬁ gig@ggﬁ%&h&hﬁr{ﬁ %isgéejthﬁrgs Qrf'lploying '

I sot opol ogues that ‘'share ) [ "mass. T _
commes@rlbpiyatehiesssoHgNERd acage@FBilHYpitially be usedrrcommingdd manufacturer

£ g@ﬁ r I stinqui shed as being different mass
de11| o‘%%gggﬁgsug%%&Fﬁe°$§btopologues CH3NHD, CH2DNHZ,
13CH3NH2, and CH315NH2 are all of the sane nom na

Definitiess and hence are the same mass isotoponers. Each
mass i sotoponer is therefore typically conposed of

n . i.50t apal ogue d has .nore. t han one - .
TR Sl TR e BB S oiBP By sy herin
are usedisertipabebORidbrels tdit@ickpacith R Aedati¢LmBRABASE oPddrobic activity
..l ndividual isotopol ogues are not resolved using
0fah&ﬁ36$ﬁﬂ%1e mass spectroneters and may not be resol ved
even using nmass spectroneters that produce hi gher

NBY S1iVRg @Yt 0B meaft Hddh akieiHk BhiktQ ﬂﬁl&dﬁ:&{q OEE Sell line, tissue,
spectronetric data nust be perforied on the
‘organ,ghdoaganises Be livingsyplemtis pesfenlyy an ptgenisinh Zxamples of organisms

. [ I sot 0 | owest. in Ss |
inctud: 36} 880b BifRGuoIf g FelBRe L5 PAGTBLY 4 B1ERH) 0 (PRfriiye
humant. higxasgdesi off snaBuriils 2004 03dHkibn PO AHS2AN3 AR B6t animals, for
) qontai ' all, 12C ' H, 160, 14N, etc¢c. O her_nmss

examyTE ey s, Safl SSEHEER Fifos RS XHUPE i Tafindad humans. “The human
can bedichlity @naferidd BN diddnosdfBritte h Fisbase 6P BisBrddt VEN mass

I sot oponer, the |location or position of 1sotopes

Lthin the | ecule is not specified and may vary

\(Mi‘Aeg(_)Qc dﬁtagqn(ﬂi?irgfﬁ@m ﬂge(ﬁxmﬁgggeds Hppospgen a ceﬁ/, tissuey Or Oorganism in
vive. di stingui shed). "Mass isotoponer envel ope” refers to

the set of mmss isotoponers conprising the famly

associ ated with each nolecule or ion fragment ‘
BV [ eelppes. itigmeant hewiroponre withdhe smy nupbkeofprotonaand hence the

same alkridr® BhARPRirkLG ﬁ%gsagicneeﬁtrgﬁs (ter}ge, 'HRR 32y or 3 H). As is commonly
known in the art, the symbol “D” is used interchangeably with the symbol *H to refer to

deuterium.

“Isotopically labeled precursor molecule” and “isotope labeled precursor molecule” are
used interchangeably and refer to any isotope labeled precursor molecule from which the isotope
label into a mitochondrial molecule in a living system. Examéles of isotope labeled precursbr
molecules include, but are not limited to, 2H,0, *H,0, H-glucose, 2H-labeled amino acids, 2H-

labeled organic molecules, PC-labeled organic molecules, *C-labeled organic molecules, 3CO,,



T

I sotoponers of a nolecule. Traditionally, the pattern
' ‘ ed as percent rel ative abundances I R
\gé 2?{]420361 ?Jndances are normalized to that of t \rl:lgslr’rr@g?dﬂsngﬂﬁ
abundant mass isotoponer; the nost abundant
I sotoponer is said to be 100% The preferred formfor
applications involving probability analysis, such as
mass i-sotoponer distribution analysis (M DA), however,
is proportion or fractional abundance, where the
4l Nagh.l t hat . h.speci.egcontributes to the tota
Coﬁbﬁﬁ%g%%gof ﬁﬁg ?mﬁﬁgmger i sotope pattern" may be
used synonynously with the term"nass i sotoponer
pdtisctopvldguedbaiet wdtappic homskindsak aidedulr bfeeic Xt haveideantical
of th l.ecul ar speci.es.that contains all 'H 12C '4N
elemégyy) and skcmiga] gortpgtions g CHERFELORIE AP -84 c@uﬁz viy CHNHD
in thé)exaﬁlﬁle%boge). HotoploguadWe Hefiddd®y thehORBp% cERAPBARSL, tRRefore cach
. of the isotopologue with the | dwest nass is unique and
isotopiaghsihgsia usiquoewaivessibybmep set haendaigue siswtwpedndfotopologue is
Al @ 4 he tin . --Fhe -
usul b S S B Blobg 06 PGS ey WBiREh il bt dgsaton of
the isofoped drethe mpdulegag o OHRNIHD @rdeCHAMG; drk ¢tk sahie isdwepdlogue but are
differTBSS differences fromnO (m, n2, etc.). "lsotopically
oSt SQIPRAF™) ef ers to the state of an el ement or
ol ecul e that results fromthe explicit incorporation

Of“BRRct haeMBBfer:b niiek EQelEedbY Buin o Fhe &6 hBROEF all the isotopes
i sotopes that differs from the distribution that is

in thefggpula gharalopule dtige 32-A44ftTor HsNHBY-ner a natural Iy
| ess abundant isotope is present in excess (enriched)
OrNothifh hlagd trefolOB RS Bk er mAs3 QbR 8y rSRliRloShE Oxact mass of a
separating one conponent fromone or nore additiona
mole@dtrponents in a m xture of conponents. For exanpl e,
i solating a biochem cal conponent refers to

SR LGB A EATFOORER Tl o

nomiRCHilakiS20081Ha2 &5 Rpic guakitivh.e 4 04ss sdtlipbinenalay comprise molecules of

it SR oS IR TR RERLEE SN RS, B! o,

are parPs B Ea5@ mSsd Nofipomer biRf8C SIS RNt ERBF&H %Lfbs) R Werational terms, a
"precursor"” are _used interchangeably to refer to the

mass JeloRBEET ié 2 fpraily pEisetopdlagss et pregiopsalied bica sy peeiraneter. For
quadr?lg%lf glggsc E%t?)ﬁq@%g%ﬂs ?f%%a%?{%h%&g@%g%fi&qwoﬁ%s SRS of
isotop@k@ay&' fhhicharelagiomisad ndss. Bimisnihe &oicpeloguésuCd ], andCH,NHD differ
in nm%inzf’\llngses ‘and are distinguished as being different mass isotopomers, bﬁt the isotopologues
CH;NHD, CH,DNH:, 13CH_o,NHg, and CHs"°NHj are all of the same nominal mass and hence are
the same mass isofopomers. Fach 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 ate not resolved
using quadrupole mass spectrometers and may not be resolved even using méss spectrometers
that produce higher mass resolution, so that calculations from mass spectrometric data must be
performed on the abundances of mass isotopomers rather than isotopologues. The mass

isotopomer lowest in mass is represented as My; for most organic molecules, this is the species



"Label ed water" as used herein refers to water that

sot opes. Exanples of |[|abeled water include
%@J/@F&% and H2180. As used herein, the teeﬁcwusz{myom"%
"isotopically Iabeled water” is used interchangeably
with "|abeled water." "lIsotopic content” refers to the
content of isotopes in a nolecule or population of
nol ecul es relative to the content in the nol ecule or
population of nol ecules naturally (i.e., prior to

r contacting of isotope ] abel ed

mnjisira

comaﬁ‘i“B% gkt ?& Igs‘u 6%ni s5tC- PHeT mapsisotppemerp are dstngpishgd iy theigmass
diffe n

D Sl B Yot Lt P SoibAh A he AR 6bor positon of
1sotopes withio thetmelscudd isinobspepified kabwiay vaivt(hé.n"pasitiohal dssitapomprs” are not
distiR %ﬂl tion of nolecules, e.g., the relative

oportions of mol ecul ar speC|es with different

i sotopic content, the relative proportions of

noMas hses)pnmteheﬂvslmpe'pieﬁert ke setiofinclsd setopshers banprisig the family

l.ocC| thin the_ nolecyl ar structure or other aspects
assocé"fteck Kb earhdnelgpuleonion frasmeptmenttoped,” apsol ute  cont ent

of isotopes in the nolecule. "Ml ecular flux rate”

r efeiss 150&)pr1@1' zﬁfeﬁf’&ﬁfeﬁé’tﬁtah@&d)g&aﬁM&Mabﬁﬁﬁk&%ﬂﬂ}@ﬁass

nmol ecul es [ a cell, tissue, or organism
isotopggers fip molepvlex Traaltt@naﬂwbe padtedt is presenfe @éﬁﬂnéreéahve abundances

wherk BRYF the BbShd3hces GRTRY-ALIS ﬁpﬂ% st JRhEGHLESs 1560 mer; the
IS therefore synonynous w t t ow I nto an out
most ghmuiapugd)top;ﬁnm f@@dﬁodm 100%x i Wwtpireferred fomip dbi applicatwihe myolving
Sum.t

probifshic AR At sh i 8 RS il SR Aistiklich Sl Bisd MDA Tt i

propértio® bhiictiohaliabghdaysd, @ifetctihé fridtionTRdi@hoh specied soiritiule to the total
i nvol verent  of npl ecul ar oxygen |nteract|ng with the

abundanog i ysgd Bideih oFYIPRE PEIRIR BN bt whed synemp@ippdy with the term “mass

momﬁ&ﬁaﬁﬁﬂ&hnchaln or respiratory enzyme systen) in the
tissue, or organism 10 WD 2004/024941

PCT/U82003/029526 "Drug agent, " tgharnaceutlca
ag dfenoisolpip massArafers & hgictant n@gsgpﬁ e groteculgpgpecies that contains all

lI—I, mkd]ﬁgﬁ\fﬁcgfﬁgegg el?gt%?&l%gues%oﬁgéseggggi %l?i\l,?gg? a,llg%ll By, and L, the

isotonic @bmgd)smain ﬁgmhtsotbpolggue wielnthe Smd:t;eﬁﬁms umqhy am.’f unambzguous
ki nes, ug

nono di es .
beon i RS ARGl GRS S SAET PN fEdpdhe BHGaREREa
mondisHiRAs sk aRERAS hd A0 and HRGhASQ&blother fn@lﬁs 8BPRh&s are identified

the 13th Edition of the Merck Index (a U

by thejgmapcdiffpisnces Weint mAdud em2Gited-i on, N. 7., USA),
i ncorporated herein by reference in its entirety.

“Isotopically perturbed” refers to the state of an element or molecule that results from the
explicit incorporation of an element or molecule with a distribution of isotopes that differs from
the distribution that is most commonly found in nature, whether a naturally less abundant isotope

is present in excess (enriched) or in deficit (depleted).

“Isolating” refers to separating one component from one or more additional components

~ in a mixture of components. For example, isolating a biochemical component refers to

separating one biochemical components from a mixture of biochemical components. Small



"M tochondrial nolecule" refers to a nolecule, such as
ecul e, of a mtochondrion. Exanpl es
\90?@(?{19553” al nol ecul es include, but are not ﬁ{nugaoosm%za
DNA, RNA, proteins, lipids, and carbohydrat es.
The m tochondri al nol ecul e may be synthesized or
degraded wthin a mtochondrion, synthesized or
degraded outside the mtochondrion, or inported into,
or exported from a mtochondrion. If a mtochondrial

nol ecul.e.is.imported into a. mtochondrio
avanfes AP PR BTG SRRy % Mk P it sl Biochemical
compdhegessed once wthin a mitochondrial space. In Iike

manner, once a mtochondrial nolecule is exported from

a mtochondr| on, that mtochondrial nolecule may or

medyS wisd hgeeis, therterans “presumesathunity’ { prepesImAsculey’ amdatnr%fﬁrsor are
used bRy WRERDG b RRERONC Pl O30S ot AL hEPOSIICRS sfithesis of
specifit molesulear Fotrnplecel ;irscum eulpinite tivbrid mbetyl (Em”ssnb(onudelp acids,

deorRion s R B e SRAT BRCEYOREL ochondrial

nol ecul es) within a cell depends upon the cell type

artiLaBelé@ivh @t Vasakedhetsinabiogi 16 wats ok Gontﬂﬁh:t B3otopés. |Exagples of
di fferences,in g’ntochonqgrl e beep

labelethwatseide fi0. dlaPsanddy O gjﬂ HS?@%%@ %‘ﬁ&%ﬁ“ FRolqnigplly labeled

watePQE‘Géefdhﬁ@éhaﬁg'aﬁﬂ%ﬂ@’%@ﬁﬂ'v@alterﬁ‘asS of each particular
cell type 1s characteristic of netabolic fitness. The

m t ochqndrl al mass t%ener ally reflects the capacity of

a ‘dentepippontent sxféew torthe seuientiof EotrpesiBcl elavude orieqrykition of
ot e o 4 P SHRTHRL G AR TR it o
to adsikiatedtiiah oncont&mdg afisatope labeleth @sachmeu'swbdmtxb i Theegrma Sisotope

varyi,n tochondrial nmass. Ln m t ochondri a]
R R L R S e L

training prograns, for exanple, and decreases in

I egpansepiient hefetas didintdrai irdlgidnbkEips oListopic Wiblefs WIthm a molecule

inactivity such as _bedrest. This adaptability of

or popylgtiemeffapleailenags thegelatiee Bopemions ‘éfef%‘ﬁ‘al | Sa?fé%ﬁ Vil ifgrent
1sot0]%1b $SMEnt, hb F%Eé% g%)gﬁt%lﬁtdf b1 difes Qﬁﬁq%tﬁﬂ ic heR ih B3RHGt chemical

or OXIdat sm(Its aerobic capacity), Is a
loci vithik\(e20014¢102 49dhnRCTY diBIGERYcGXgIGint el gattaem ragher than absolute
act er xi dative biology. Mtochondri al

comegg% %B??Sl?)}‘eﬁlégecﬁ?m ound inplications for hunman

health in the setting of the progressively nore
S émédsiteraﬂat fluixfrets’t yeifes to ihs sdie bAdyachewss tthd/or breakdown of molecules

trializatiaqn a rbani.zati qQn S 0cC ng. .
it B o RS G SEh T DG B e o AT GG L iputnfo or
remo A FEm h PSolVF BNRMeS, dnH i9theAERR IRy RBANERE tHeTidw §8¢!8ud out of

said pool of molecuies.

“Qxidative metabolism” refers to the sum total of all energy-yielding biochemical
transformations of fuels by a cell, tissue, organism, or other living system that ultimately require
the involvement of molecular oxygen interacting with the oxidative phosphorylation apparatus

(electron transport chain or respiratory enzyme system) in the cell, tissue, or organism.
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m tochondrial mass (Attardi et al., Biogenesis
ndria, Ann Rev Cell Bi ol 4 289- 333
‘@%@%ﬁﬂﬁlﬁt ochondrial DNA is separate and di stlﬁ&%#ﬁg 29326
the renmai nder of eukaryotic cellular DNA, which is
present in the nucleus. Additionally, the
m tochondrial genone is circular rather than arranged
linearly within chronbsones in the nucl eus, is snal

(16 20 kB in animals) conpared to nuclear DNA, is
conpl etely | acki rons,. i.s.synthesiz
it SR Vi R TR B g S2asH

interchARBabl P ot s & Miny dﬁeﬁx‘i’tﬁl &Hft‘ﬂe? WSoRh dripSor iary ififloved drug or
maternal | y and i ndependently of nuclear mtosi's or

therapypbigloigical dgsni(ege rgenwsqqaemh dplyair nErgacions) gpieadias, ¢ygokines, and

hormAﬂ k%ﬂu é};])tst 1%81“8@ %rujc n%‘?é’cﬂkﬂﬁﬁr‘ cﬁeﬁ\@e ofrrgJ gﬁ& ot B%osmon |

upon
dlscioﬁ\dﬁml ﬁ)ﬁ&mﬂpltﬂtth@mﬂ(l Eﬂai;ah(mﬂm MeR&rﬂ:d@&i Lt pabldcation, Whitehouse
Tr tion of er{ebrate Mtochondrlal DNA, Ann
Stauoﬁee@gﬁgﬁf&glépfﬂrpefaﬁgge@%bx f&@?ﬂ* m 1rfa}épendence of -~
_repl [ c_atl on on transcri p_tl on resu! ts in coordi nat e
| MG EHoRBriAlm Bl €asRE: 131 alrAelBes khdl as @%cr(ﬁﬁtﬁl&h@@ i0fa

when the cell is signaling the need faor
mltocquaehoﬁéﬁm@f:s qimtfscgﬂﬁvm fplecplep include, bﬂﬁﬁﬁd@h Bried tg, DNA,
RNA, &Eﬁb riﬁn(ﬂn did{e§, %mﬁbc}ﬁﬁh?ﬂ%(ﬁeﬁ% ¥ €6 g}rn@{Qslzed or
tra- n1toc r|a synt hesi' s ke m tochondri al

degracmswm@ e mlﬁ)@%mfhom syotiesingir drallegpdot itnde the enitochondrion, or

R S B oo L AR A Rl o o

mitocBRGHEAAB the mitocklindkial MslesuloiAe ot AR nbﬂ’bdfhﬁhtﬁ)ﬁr@ﬁ:ﬁd ed once
are then inported into mtochondria (see Leeﬁgt_al.
withingmitoghopdsial jspaoe. & lik e@amea)oncwwtoah%ﬁav |molgeHieis sgported from a
itochGRITIBA thA nlitdh e LSRRI 3l OB e ssed.
o Ocmat abol 1|]sm1ar eg%/ §IC¥BLC T t cg%grn?a DNA. IBl\l;bstseof t he
n1tochondr|al RNA transcripts derived from
LD PIAT G gmenit f or the protein synthetic
apparatus (e g., for ribosomal or transfer RNA), -
Lesfi ifi Hearly all
Rl ba0 0 pERGRSEDEA, il ts aho ety o
eukarydﬁmtceﬂm éithe risochondrall ntaadodle threi st:mndf mnt:hr:htaidrial ieriveproheits, including

[ eas I el i ve IJflcat :
o, A Rl i a5 op N i gt QA B wpon the
cell ty?/adncvzi ffﬁdé@ mﬁﬁaroow‘ Dfoas MMﬁglala@%rdsz&ahdes itimitochondrial mass

mal i an Cel'ls, J Cell Physi ol 136:507-513 (1988)). o
have bgep deqyumsated oy cﬁffgreg’@?qll types; ux@@hﬁét&gé@ndmons the mitochondrial mass
s L EANHOASH BRI i
generdligTLUSRODS LR6EP 6T a enﬁmgissdwe?onmqb@we metaboBere guassobic activity.

- ‘mitochondrial DNA exists as small circular genones

t ﬁ%%vc@err,ea change in aerobic demand, e.g., due to aerobic training placed upon a tissue
such as skeletal or cardiac muscle, has been identified as varying mitochondrial mass. In
general, mitochondrial mass increases in response to aerobic exercise training programs, for
example, and decreases in fesponse to the deconditioning that occurs with inactivity such as
bedrest. This adaptability of mitochondrial mass to the aerobic demand placed wpon a tissue,

thereby modulating the capacity of a tissue for oxidative metabolism (its aerobic capacity), is a
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present at nmany copies per apparent m t ochondri al

wihbyoregen the DNA content of the mitochondr )
retioul umis probabl y exchangeabl e bet ween and Pzg‘ﬁjb 003/029526

conmponents. The currently avail abl e techni ques for
measuring mtochondrial mass or activity are al
limted in one fundanental respect; i.e., they are
static in nature rather than reflecting dynamc
processes. Typically, these techni ques neasure |evels

L e G R Y
imp1oRidiR fS Hunan DRI S thO QUG TSN profleivdly BRDRWedattady1@éstyles

monent in tinme. However, adaptations in mtochondrial
assogqigied with indusizighization rnd nxbeviBationgesia nenriing mitspeationglbt i ¢

changes (i.e., changes in molecular flux rates, : i

| : P

i Tioesagereifl ohhESealep LS b oimfRl BPRlaRR Hangos i tssue
mitocimoduidl Inyass (otvedieat al. Wiogenysit of MiedwsdtiheAmeResCel Biol 4:289-333
_ ng.hesi r br wn of mtochandrj al ., conponents,. =~ .
roa8Y ahopdroadtsl PN weieraland SRR i tieropgae of eyt
cellubhy DA, Gehi€H is PrdsRhA Bindleud B Edifbnaliy e WiRkRSHdBRY genbie is

direction of change) of mtochondrial mass or

circulpr raskss Shranarapsah linemle within chramgsomsein e ppelireis small (16-20 kB3 in
animgtﬁ%%g@g}%% 1 2080d-pvA. 8 Qﬁnﬁ% chﬁy%l{sﬁg’ lﬁaﬁﬂpgllqgirr&lls, [¥B3ithesized using

I'n response to t si's an
a diffdegt B padypmefsaiNs polydrckak Ynibhespresnt iNthdwddeuFend is inherited

LA SO LSRG e Ao g o
synthEIR flrikd td BRocHondRAIRIA s$thdshre STihe foma €ONAGRpliMoR) depends

various mtochondrial nolecules. Exanples of o
uponprnseh bh BNAaPaseA BN tressTiphen ((detombl. Replicatign and diarseription of

vt e PO DR A RO RO, PR e
replidabin ot irpisdsipfiorciesd s ip hagpineleiipdudton ofFincteased snitasbondtial DNA.
subunitg of . .the variqus ronol ecul ar .. Xes, . .
symttg e e el o elig Risheol Fo A PR R ST b, Finally,
mitodhdn@Xdl PriréiMCarit g ANaE Winddst SRirél} deMRIACd18 SRird-AlifoSbndrial synthesis,

. These subunits include subunits of cytochronme c - )
unlike gyitpgendrigl iBai tQves PO mrtegBendrgl prgirmssre synthesixebiigm cytosolic
. t oo =
L R T L
Protetissyhtbesdatdfin theaytsskire themampdrtddi ivtofmiterhesdror (seeddvasiit ol. and

e d of .aivin syst em adm ni steri . ] .y s
Asarf G A Bheor Oy g Bta SRR O (o) Bt o hifRhondyiel gcative
metabolBhedt toéded byhitdchehdial DL, Mo&t of #shitedhohdd@al RNA transcripts

.isotopically |abeled precursor nolecule to be .
derived, gemg@ml@ad% DOV A arpyiseipon Grareipmgynthetic apparatus (e.g., for ribosomal

or trah&fef ﬁﬁ%ﬂ%{h@?@é@ G messenger RNA.

It should also be noted that the model that discrete mitochondria exist and that there is a
countable “mitochondrial number” is increasingly believed to be an oversimplification and
incorrect (Robin et al., Mitochondrial DNA Molecules and Virtual Number of Mitochondria Per
Cell in Mammalian Cells, ¥ Cell Physiol 136:507-513 (1988)). Mitochondria in a cell are

_ connected three-dimensionally through a reticulum that probably allows the flow of materials
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m t ochondri al nol ecul e; obtaining one or nore
Lbochandri al nol ecules fromthe living syste .

&ngzazg%?h?%ﬁt he isotopic content, isotopic patt g}’ﬂ?‘/lipgﬂllgoz%zﬁ_

of change of isotopic content, or rate of change of

I sotopic pattern of the mtochondrial nolecule; and

calculating the rate of synthesis or degradation of

the mtochondrial nolecule to assess netabolic fitness

or aerobic demand of the Iliving system A

Adm nistering to a ljving. sys an | sot qpe-Label ed
among i eArERomenp | Beqaues mliqchea%)f gé?@" R .ﬂ%ﬁflﬁﬂﬂr% penRomps that are

| presélgttségg&ﬁg ch@ggﬂ ; iaﬁgar. dt lnﬂﬁ’)tcﬁﬁf&fg] it G the DNA REntEAoTihe

I osynt hesi s, breakdown, and/or

mitochondrin} eeticnlaitneis probably\eechzdgéablestebi ¢angind among components.

i sot ope-| abel ed precursor nolecule to a living system

! SelRa AR el B S et BoRf) Bisfordt i Foro il

limitedsia@dné Anldudentaliuspeats te.nthy hieniatie dn hayre 2dther ¥BM, refi&ing dynamic
180, _3H, 14C, 35S 32p, 12511131, .or_ ".other isotopes. ., .
procagfes o SRHEHS Ui eI oh TSA R 0 YRS ARRochoRaral ovidatve

enzySEPRY  Bhke syhiifsd) DR hitRshdrABS DNA o#NA Bhilk 60y tsveils the

Mol ecul es The precursor nolecule rrad% be any nol ecule .
conceniration preseat atibatimaeent in tithe Bewgverdppipligng it mitochondrial mass in
) g : ‘ b
o B3R RS54 Rprhs GRS 0Ll Rt
includling ithei raiat opamitekie oechtqbiolism 0§ ortonidnddall cosipoiitrgs) e ihene dad been

. precursor nolecule may be i1 ncorporated Lnto.one or. .
until E%Flgyynﬁ?‘ﬁﬁwgﬁlgrwag[ to aﬁ%'fsetgﬁfaé@ o(f nyfﬁ%s;s %bfe@gﬂ%%?f 131tochondna1

© comp¥RERE Uhe Rkrefhtb! &) WA fo\i8c¥s the uR@lyid dyphmidd ©f PteEROngAH] mass or

nol ecul e may be incorporated into one or nore. ..
the trajegtorsHgedtiieafiomef] changed el mitpehonda masy prapiipehendsip) dynamics in

, e r il _ ‘
b L il b )L e 0 G S rspnse
the sirtlesisraadior retatibe ofMaitechondrid nplemiesssor of proteins, '

pol ynucl eoti des, |ipids, carbohydrates, nodifications
Melor; %co;rgbi rs11%t wgsb ‘thjg%r eof , and other mtochondri al
; ; |l ed water may serve as a
precursor in the nmethods taught herein. .- Labeled

water may be readily obtained co rcially, For -
ex%r%segtz'%ti%yrog%les methogs gor assggg?ng meta 3410 iJIZtness by measuring the

rate of synthesis or degradation of various mitochondrial molecules. Examples of mitochondrial
molecules include, but are not limited to DNA, RNA, -lipids, carbohydrates, and proteins, RINA
includes ribosomal RNA, transfer RNA, and messenger RNA. Lipids include phospholipids.
Proteins include subunits of the various macromolecular complexes comprising the electron |
transport chain and involved in oxidative phosphorylation (aerobic respiration). These subunits
include subunits of cytochrome ¢ oxidase, subunits of Fy ATPase, subunits of F; ATPase,

subunits of cytochrome ¢ reductase, and subunits of NADH-CoQ reductase.

In one aspect, a method is disclosed for assessing metabolic fitness or aerobic demand of a living |
system by administering an isotopically labeled precursor molecule to the living system time

sufficient for the label of the isotopically labeled precursor molecule to be incorporated into a
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pur chased from Canbri dge |sotope Labs (Andover, M),

whdoodp2{d4ey be purchased, e.g., . from New EpgiaRshns/29526

Nucl ear, Inc. In general, 2H20 i s non-radioactive an

t hus, presents fewer 14 V\D 2004/ 024941

PCT/ USZOOS/ 029-26 toxicity concerns than radioactive

31120. 2H20 may be adm ni stered, for exanple, as a

percent of total body water, e.g., 1% of total body

wat er consuned (e.g., for 3 liters water consuned per
mltocﬂﬁﬂdnagﬁlomcﬁl%%ﬂt&ﬁf % ofid lagglofénﬁmiiﬁsﬁ}n !J:cfule§ Haoth gﬁ living system;

utilized, then a non-toxic anount rea
measm@tgethmsn@@mkppntehb swtapfic gdtield, ritoof dhangs ¢f 1 1sotep1c content, or rate of

cnan TP i o e Btyod Bl ol b U e of Smthesis or

degraligthsl e HRYCHBRARS RicRRL: HakdRss hoEbdRT RS 'é?§er9[§m §88and of the
i nvention. This water enrichment is relatively

living sy3{e®ant and stable as these |evels are maintained for

Weeks Oty RRLRS: fol RS AN, Isétgp%%%dﬁ 2 oralﬁblggu@

W t hout any evi enced’f toxicit gin

| dr g@bﬁlﬁdbwcumﬁ:rnmmkssubj ects (> 100 people) is
contra?syoto é%)br Vi ous concerns about vesti bul ar

t oxi%i égé igh doses of 21120. Applicants have

dissdidwetrd it Bigural theofgt A6 hIMatudPAAsRSithieRs,MReHcdwRh Smd/or
enrichment are prevented (e by 1nitial

- tunovey pates 18y phye adspinjsterigan isotopedabples precssoy molgcyle tg@diying system.
The i3¥89p8 TabRaIeaRAE ﬁloféfcul%'ﬂg@ E%aargtehﬁe g@dogé 8 1‘381% sW\‘.Jpla RBtope labels

toxicitl es For exanpl e I ow expe
that capbarsed inahidg, but arel b lisi @820 8 PEEN] c§ag3H éaa, S, 2P, 1, Y, or
enrjchnents | the 1-5% range at

-~ other s # g%sc\g,}g fg,mﬁn%ﬁfssx Hoaeqree SQ(S “MFal cul ati ons reveal a

mlmwlbsa&mnﬁ e isotofy b id ghel i ng at 2% 2H20
enri chnent, and_thus 7-8%enrichnment in the al ani ne

pr e%r@’cﬁc“"ﬁﬁ’éMo actigh for 12 hours | abeling of
2iind BMEHEG REledBd i ?S@ a}n)‘?h‘ﬁe&ﬂe%ﬁsﬁﬁ&ﬁ%l 7Zer EH@y to form a

7-8% enrichnment 1 n 1Teucine precursor poo
mitochandiisnoleRde.alsoippt iabhlsglhﬁyd;wd!sc@ioatwdlé_j ajl premtmmﬂoltmd:b} disclosed

or enric r n| stration of H2780 nmay
herem"\% N e'g@edgﬁ%am gulFshe 180 isotope i s not

t Ok mtlraﬁﬂcﬂ@@&nﬂ@&ul@frﬁ§ eetncarposat@mntd & niabiitdchdnslkial
el ed water. may, be used as a

moleaHes ke nlinv%f‘#@ah 33%8%&%’? Almathisty, 8 Pagiat dhe precursor molecule

. may b@‘lﬁcgigi&gigléi{/ irl]lgic?ﬁéég@tr ?xgiefg ﬁﬁtocbdn:drla @B%@%So hydr at e

PPrseuserorelequlesanayt heludarhuoenemehhnntgi @c@ﬂs,dﬁHmﬁllmsd state, H,0,
acetat@tiPIcgRUr sors of proteins, polynucl eotides,

i. Water as a Precursor Molecule
Water is a precursor of proteins, polynucleotides, lipids, carbohydrates, modifications or
combinations thereof, and other mitochondrial molecules. As such, labeled water may serve as a
precursor in the methods taught herein.
Labeled water may be readily obtained commercially. For example, ?H,0 may be.
purchased from Cambridge Isotope Labs (Andover, MA), and *H,0O may be purchased, e.g.,

from New England Nuclear, Inc. In general, *HyO is non-radioactive and thus, presents fewer
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i pids, and carbohydrates. (a) Precursors of Proteins
sor nol ecul e may be any protein prec <
J’Iq%é)g{ﬂﬁw{nom in the art. These precursor rmlli{ecénu S3Y3/029526
may be C02, NH3, glucose, lactate, H2O acetate, and
fatty acids. Precursor nolecules of proteins may al so
i ncl ude one or nore am no acids. The precursor nmay be
any amino acid. The precursor nolecule may be a singly
or nul ti pI y 15 WO 2004/024931 PCT/ US2003/ 029526

am Nno _acis rec e is
toxi G s RO B0 | B PET B Al I8 Yoo gl a pescent of
total 3@y Ghaitet ieke, 198 bif loki} %bﬂWatlﬁMﬁMﬁ @, ﬂﬁﬂlteﬁlﬁ'&@ﬁconsumed per
- 2115- hi st| ine, and any deuterated amino acid

day, Bmarelitearirhe- Iawrﬁgmﬁ@y IB éizs)dﬁvﬁh%ﬁdeﬂ@a a nﬂwomm% which is
readﬁg ﬂétkﬁﬁ:ﬁéﬁi t?mgs NREAGH bR RE ?sdadngﬁikﬂé&dac' ds. Al -
ot ope 1 abe precursors nay pur chased
c oRnleticilahigh bofywatex emjatiments 06 zCIEtgn,rl (175 Ofﬁmttoﬁabbody water is

iboleRL et SRR w e P aRn SRR T R ydment s

relativeRitohsthint @A blaWlcA tHekd Réc1a ke ﬁﬂhlﬂﬁin@@ for%ﬁ@omam mMHosnans and
include but are not linmted to precursors

in expermentakangmals wehowsmy pyidense of dxigifye This fi@@g lﬂraééﬁgﬁ gpmber of

hum%ﬁ1 Ji%f% gﬁig?%éﬁﬁe) 1§lé’[&fﬂr toﬁ%@ astcggc ﬁ ab%ﬁ%ﬁﬁﬂéﬁoﬁ&ues at high

dosep oEFHOs oﬁqgnhozintsphaefnyihsawaycd thsturs Horesas rhpit t:btalmcai u!daody water

ce nal ane bodi.es I
enci T 5E e it s ananisel Pyt v STRRT duRbgpien booy
watdd 2nridiigihts OF 219)QI 655 miThRfiied KthSoabxioitiet. Foakit@wle, ShiClow expense’
as acet at e; eghanol | ucose, fructose, |actate, .
of commeirilly aypleple gD allgwlone-tomm reainiepangs of enrfclmentsin Hisdr5% range
at remﬂ%lg E}ﬁ)‘%ﬁ& f@%‘?%cﬁl@u&ﬁ e a 1&&? c'gs@ @4 %m, d;hé fabakdg¥2% 21,0
present | ree“amno aci ds nmay be determ ne
enridxpet, ewbihna V4804 erurchnwwmﬂm dasumpdciras edob fhan Her Yhvvey labeling

of EAsoHo Ry PR GEr it B A% B 7% Rl FARER o gpotiiecursor

poolFbEgPeribd). C—H bonds of free am no aC| d or, nore
speci fical | RNA- am no _aci ds, during exposure. to

21 Relgtively @gé ynq\ﬁleg}VBan@t ibgdywater gprichmpnts fpyadapinistration of
186 iso@e a@cdﬁl ﬂ;ﬂgds sinle %G#b ﬁgﬁggﬁsﬁfﬁdﬂé PrLg rﬁ@in@sent a

nown - e.d_, in al ani ne in glycine, etc.
Slgﬂﬁcw&lp@ﬂﬂrnﬂk@bec@ﬂw for proteins maybe water. The

hyEabcge% wa ér?nrrasy I:Qenusgd Iefls z? Beag-unwersal precursor for most classes of

mitochondrial molecules.
ii. Protein, Oligo/Polynucleotide, Lipid, and Carbohydrate Precursors

In another embodiment, precursor molecule_s are precursors of proteins, polynucleotides,

lipicis, and carbohydrates.
(a) Precursors of Proteins

The precursor molecule may be any protein precursor molecule known in the art. These
precursor molecules may be CO,, NHj, giucose, lactate, H»O, acetate, and fatty acids.

Precursor molecules of proteins may also include one or more amino acids. The

precursor may be any amino acid. The precursor molecule may be a singly or multiply

15



are the hydrogen atons on am no acids that are useful
wokodRaeY i Ng protein synthesis from2H20 sin -
0-H and N-H bonds of peptides and proteins are‘i‘?‘g{}!@?{gs/oz%zﬁ
i n aqueous solution. As such, the exchange of
2H 1 abel from 2H20 into 0-11 or N-H bonds occurs
W t hout the synthesis of proteins fromfree am no
aci ds as descri bed above. C H bonds undergo :
i ncorporation fromH2O into free am no acids during
| £ N7 -catal yz nt e di ar abhol | @y p:ciigi . 13
deuteR RIS SRR R A BER ARG B o PEARI, Lt tistitine, PC-
sering > (pplgtiat TibRucide, ANty che € lafidias, *AHRINdidjiant ahy dduta@nted amino
.. therefore neans that the protein was assenbled_from-
acid. JAPAGH ARTTAAHIRARAN s ATRISEFE, fo S5 RBlprclien Ngthiea-deuterated

. amin@ﬁrf\;‘\jk‘? Mfso%)gg @ab%gaﬂ‘bz ofs thaFbe pil Blsed %ﬁ&‘&faﬂ&{}’o} &xample, from

new y synthesize nalytically, the amno aci
Cambyisiee Veetaped.abs Ghndowet, Mot ai n al | the C-H bonds but

t renpve all potentiall cont am nat. n H and Q-H
ot RS bl S s ettt SO TUS Yo of bro-
i:ranslaiit_ﬁﬂl.?ﬂiyificfi:)l(i_jﬁelegﬁl}_i|mi\ﬁd,‘igf_.| 'Iﬁ?%eb&lf:mg@l@ ﬁ:g@ﬁdﬁthﬁldaﬂeﬁbolhﬁﬂtabto Precursors
M NO acl. ds. 1 Or rom | abel ed water .can enter :
of mq%rquiwé@ FAlAdne ErRre qrito(h BrecBsprsiof hydigkylapen, such as Ho0 or O;
precuf DR pRBSHHBEy1ATINS SRS gﬁ%’lsgﬂﬁte,ql? b56); pPitlirsétd B'predffation, such as

cannot enter into anmn ids that aré present “in
fatty apiqst aettate, FbOY sthonolf kedonedodieglnebse.mr tfrugioss; grecRigors dfr ee
. 2ntial, am. o ' I ncor por.at e- i,neal e
carbof TRETG SRRy At o] U Bl L SR, sy
ethanblp pikcosechfractgse, Taafate] hiinine )M/ i £ or OF;aind athichpdst-@@nslational
.reactions. Free non-essential am no acids contain a
'momﬁ%?@%§h%ﬁﬂb@ﬁh%¥t net abol i cal | y exchangeable C-H

bamd ﬁe%l@é of RBLISE: pradaf: i fRee bRN CARILN Y PEELE i experimentally, or

exhi bit higher “i'sotopic enrichnent val ues per

may hegissuensdebaedon thspomber ofdatie)ing yiteshin gi 2edhomcist dionsxangle, when

one PR ol 05,50, BEhbGEFRIRLED C BB st o, o
specificatl®, iﬁttRN:A—ﬂﬂimthﬂl@j cﬂliﬁingieﬁp&hﬂﬂb 10 @xhﬁm;oﬁdtzmmwmﬁﬁed.

For exanple, it |s nown in the art that hydrogen . )
The tojal gty BW%P%?AS%WWOP%%PB%@&P%a‘f‘ﬁfS&mQI"VE}t‘én?a’t‘%m alanine, 2
in glyéin8, el®ynt hesi s of the precursor a-ketoglutrate in the

citric acid Céd e. Gutamate, in turn, is known to be
t A&e presutsemneeculp ferquetsis niayrbegraiera tibadydiogen atams op (gt bonds
\.npoe . Of e hydr 2
e 5 365 oAl SATRL oY BB B4 om0
since fsd-1 xS {Hboisalf pyptidesidd motehnyiapolabAc indgnecigabluésn. As such,

t | ip 3- | -bistine, the hyd | .
the cxsigigs of LA SRYFBP R G oAy T bRy perEw ot ot aftesis of
proteith 6 BH amplé ;ﬁéi§§a§dé@£ﬁ‘&aia§o@t@w&1d§ GRdEPMBorpBration from H,0

. those of skill in L
into free amino acids during specific enzyme-catalyzed intermediary metabolic reactions. The

presence of “H-label in C-H bonds of protein-bound amino acids after *H,O administration
therefore means that the protein was assembled from amino acids that were in the free form

during the period of *H,0 exposure - i.e., that the protein is newly synthesized. Analytically, the
| amino acid derivative used must contain all the C-H bonds but must remove all potentially

contaminating N-H and O-H bonds.
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P

the art. Oxygen atons (H2180) may al so be incor porated
wOhgesAd}9 acids through enzyne- catal yzed reag&:rﬁlg% 3029526
-For exanpl e, oxygen exchange into the carboxylic a

noi ety of amino acids may occur during enzyne

catal yzed reactions. Incorporation of |abeled oxygen

into amno acids is known to one of skill in the art.
Oxygen atons may al so be incorporated into am no

acids from 1802 through enzyne catal yzed reactions

ud|n ro rolj ro ot her.
S Ay SR BV Salsfiey B eI S el s, Hor H
from @dlﬁ]eﬁWﬁtaxh akel 1ﬁtofﬁdyﬁxﬂ1ﬂ@ﬁd1@§hnvtﬂé &1l thityigiathe @eddions of
‘incorporated intg am aci ds through

: mtenﬁa@wtme&%b@ﬂlamﬂaﬁ of S camok pAterSto TRing AR helur st in peptide

bond} Eleﬁhglgﬁ‘é F(Sl{r)lﬁrlé ﬁﬁfeg'ﬁh}& F%'egéeﬁﬁél'aﬂ' sﬁhﬁyeiﬂgéfporate a single |

el e rogen or oxygen rou |
hydem s;om fremibodp aflatwﬂyns thepr¢agipont G-H)b:sftd, thrtatgb Iratidiy mesersible
i cation,

“ansifRiabion Boaions. e OB BRO AT SonE Jprggy upber of

metabdiRelieek chybedigle C-H Q¥NAS B couddePAY ar® therdfére @gsdteli i@ BRhibit higher -
met abolic derivatives involved in the free exchange

isotopig gaMhEeR| TBE@sEmPlese fowy Hebt Bmewly pREesipkppiEing,
af RS ofRREH A tARShAL ze'TRA 'lz{?eﬁeﬁ%gv 808 ABmé Frofh bo\«/i\bwater may
nmet hyl ation, h droxy I on, osphor Iatlon
be m@@p)ﬁﬁfm nsa mthecammzaﬂsmm blocbmgrll rathivenys. Ecm efkamplenit is
car acet tion Qr r known .. .
1“‘0‘”;5‘6‘%?‘ tF'a %t 1%’?%% ?to AN ﬁ“o% E‘;‘ mepyppratad inig elypgaigyia
synthedis @OthEplepiirsbicd-febRlasteil B cRFiE atil $9le "GRGt il ®h, is Imown to
i ncl ude conponents of oligo or polynucl eotides
be the biophfarieal peastiseefon slitapeing puelinsotndieginimedBy way of another example,
hydrdgr%}: ?ﬁg@%ﬁ@d \g%%}' IL& Be ﬁg&ﬁ&)%e)d mtg?)loytgﬁ%lslg&&ﬂaﬂ? Tnodified amino -

purin m ases

acidsy sublv sethp Imﬁigﬂ gtoap I 8-uipsbimd-histine, the Bpdroxsyd prawplie hyﬂrexymﬁiyne or
known in

bydragls SNy B gl G FSnBaGiE e g E'éﬁe e B bbb skillin

thea®02, NH3, urea, 02, glucose, |actate, acet ate,

ket one bodies and fatty acids, gycine, su00|nate or
otOreizempioms (He | @smayslen byineephmicd inpraging adds thisuglk enzyae-

R L S e
acids neyagenraluring Bma:yumrqatafmend scaofiorsu dheeguirgtonrod Hibeled ®xygen into amino
acids is known to one of skill in the art.- Oxygen atoms may also be incorporated into amino
acids from 1*0, through enzyme catalyzed reactions (including hydroxyproline, hydroxylysine or -
other post-translationally modified amino acids). |

Hydrogen and oxygen labels from labeled water may also be tncorporated into ammo
acids through post-translational modifications. In one embodiment, the post-translational
modification may already include Iabeled hydrogen or oxygen through biosynthetic pathways
prior to post-translational modification, In another embodiment, the post-translational

modification may incorporate labeled hydrogen, oxygen, carbon, or nifrogen from metabolic

- derivatives involved in the free exchange labeled hydrogens from body water, either before or

after post-translational modification step (e.g. methylation, hydroxylation, phosphoryllation,
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G ycine, aspartate, glutam ne, and tetryhydrofol ate,
wWaheRHa4sR} e, may be used as precursor nol ecul gerRk003/029526
purine rings. Carbanyl phosphate and aspartate, for
exanpl e, may be used as precursor nol ecul es of

pyri m di ne rings. Adeni ne, ‘adenosi ne, guani ne,

guanosi ne, cytidine, cytosine, thymne, or thym dine

may be given as precursor nol ecul es for
deoxyribonucleosides Al'l isotope | abel ed precursors

e R PSR By P A8,

modifigiess)) e of polynucleotldes nay be mater The hydrogen

atonms on C bonds of
polynucleosﬂ@é??aﬁﬁasﬁﬁ@ﬁ%%??éﬁﬂé%’ ﬁ%le03|de :
prﬁ%#e%ﬁfsﬁ fiﬁ%léc&l% n&.‘«ﬁﬁﬂclu&é%oﬁgﬁﬁéﬁ’c@op&@bmﬂ@b@ﬁﬁél&ﬂldes

synthesis ron1 C- H bonds undergo exchange from
(ohgdﬂnc}eomtecand molyymdcbtsbtusclémtﬂl@@az@b}ﬁn thip eoriext s e Belynygleotides

H- | abel nd | :
e R Rt
mayl%lhﬂyl’p aélebide proarok ﬁfo@ecmamwnnﬂnﬂte atthe

o e LA S, B 6
H0, l%gﬁgﬁé I EERIHe Blobiés 2R faﬁ&? §éﬁﬁ? %I)R:?&e ghcBRaieRR othenBfinoQtids, and

ing sites in a polynucl eofide or nucl eosi de.

phoqﬂyUHogen atons from body water may be incorporated

f F%Fﬁuf igggp %% eg oeP(ﬂgéuo?eotlflgsolln%)ﬂﬂgA ﬁgﬁlfig G orzhbr@nu E‘?]s;de

ese no ecu es throu
residiiddETHeqRedure Sncléculds iagralsedicany ormﬁ)ﬁcndm;&nentﬁhﬁllmieomde residues.

IR N T
moleaﬁ?s/ M?gxpgg’ﬁﬂ%sg anl%ﬁ ph%ﬁﬁ!ﬁ%@ﬁﬁﬁrtﬁt@t fOr Sfaifle, may be used as
ynucl eot |

éot i des, nucl eosi des vi a
precursn nolgulss of nmmﬁme ringat Adenjse, a#moswmﬁan@e gyepesings cytidine,

cytos%%g%sf}n%% ° 8{:%1 ine m?l% 18%‘ Qreltn S% ]ermfg)rr%o%&ieg ’fofggr %gnn%ﬁcleomdcs.

¥ es Oo1” purine rings

All ifohpe pdvaled p@éﬁﬁr@mﬁw b purciaeed enangatially doeedanpls from Cambridge
precursor nolecul es of pyrimdine rings. R bose and
BOW??%@@éABﬁ -~ and their synthesis pathways, are

rRLRON LR 1Rt p@%ﬂﬁé@d(ﬁ@ﬁﬂaﬂ Ge SHRENERE Bydréden@@ding on C-H
(H2180 nmmy al s6 be incorporated into

bondpgf yﬂmﬂcbp@ﬁd@egolymmlﬂog@ps, éad nuchpotidp genecdeosige PISCHISEIFGRRY be used
to meiaﬁlg}é g)ellypg(%lgé&y gntgés?scﬁlﬁrﬁuﬁﬁb a Sﬁ%%l#crﬁgt?lndiﬂgg %J(&Qh&gﬁom H,0 into
polyrhelebﬁ@mmmrmradz‘hmpmanu@bfe’ﬂ-laﬁdsn 0y drondied ] pmbmucleoudcs -
nucle051 gsf Im?t.{] nuclectide or nucleoside precursors, after H,0 administration thereforc means’
that the polynucleotide was synthesized during this period. The degree of labeling present may
be determined exprerimentally, or assumed based on the number of labeling sites in a
polynucleotide or nucleoside.

Hydrogen atoms from body water may be incorporated into free nucleosides or
polynucleotides. °H or 3H from labeled water can enter these molecules through the reactions of
intermediary metabolism.

One of skill in the art will recognize that labeled hydrogen atoms from body water may
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i ncl udi ng non-enzynatic oxidation reactions (including
WY20fd2ysy; damage, such as formation of 8- oxo- gt“'i‘fﬂs%mmaz(
and ot her oxi di zed bases or nucl eoti des).

| sot ope- | abel ed precursors may al so be incorporated

i nto pol ynucl eoti des, nucl eotides, or nucleosides in
post-replication nodifications. Post-replication

nodi fications. include nodifications that occur after
synthesi s of DNA nol ecul es. The netabolic derivatives

be in@@ﬁﬁoxg?ed attf%aa %E@Puclf@o%ﬁ% ?ha%tf&é inuagéglcﬂvg twal \}aﬁ]oﬁselgochemlcal

abo erivatl ves

path\lﬂﬂy: &bﬁexahqal@)gly,tiaie; asphiyateypliithii, zhﬂﬂ:ﬁ(ﬁyhydfufd)lmké; wmph btetknown
ine.. Those of s

: not limted to - 0X0 ano
prectiis mAlEouliRlOF DPRRCHITG: SHREY) BRPEHA L] e b craipBlseare known

precirBGARSRARH pYMkdise l%yqégt kﬁﬁiﬁ aﬂf 1ibd¥e phoRhiki eﬁﬁtthéif‘s thems
(c) Precursors ofL|p| S Label ed precursors of 1ipi

paﬂl‘mgs Jra Ehomie pregyrsens of pelswicldopide sxpnﬂtbsm osynt hesi s. The

G -
A4 o B s e s, e o
nuclmﬂmghlmy)m SﬂalWlbﬂMeﬂn&bﬁeﬁ@dﬂ&tmludmg éose Kdstd/above.
Oxyge v&sa%%tagi t ed %l?erlﬁiﬂrggrlﬁt%gfntg &;q:leggf 3 : E:?Jrgatlve reactions,
inclu@f@ln8aleftA hatﬁrlgudah%n faLiofR (In¥Ring bfdafle dabihgeafith S.‘ijonnatlon of
fatty aC|d ,  Whi are precursors for trlglycerldes ‘
8- oxgﬂwmmandmtm oxnh@ﬂésaeépbnu@(ﬂé@s) coamni des and ot her
t%ﬁ%.g%gﬁa gperguéﬁ% i%e;a tazsioa m&@g?'eﬁ \1/@? gﬁ@ﬁ%ﬁéao(?irdei Qlicleotides, or
nuclmﬂemmqmst-lfephcaftmh imodifehtiens. (Pbstl»repliceho:h modifications 1nclude

mod?ig%/ gé(t: géclugg ?12 esgs:(gc}iﬂ I %{]}é I \ﬁ)ﬁ}é}eta%ﬂc denvatlves may be

| me&?ﬁi’éﬂ'ﬁ&éscﬁ‘ﬂuﬁn@a&ﬁ|n}2$tzl%ﬂ1técﬂ%0ﬁ1bﬁ9ﬁt&rcyﬂn‘£m€0 The BREVORE divatives

oxi dati ve damage (e.g. to fatt aci ds); 13C- or
may 2lsp j¢ gxidpidely mﬁdléiﬁd b@ea inpledking, i;gt nqtélpfmted to, 8-oxo-guanosine. Those of

skill 3k a8 lv&é(ﬁ) g%aggf %x;pr%(g%t i1k ﬂéglid ?‘&ﬁ# %E ?&t@d d % CSIS of the

et one y acl precur
modiffiosticandogenousl y synt hesi zed fatty aC|ds cholestero

and acyl gl yc des; 2H, or 13C—Iabe|ed chol estero

or its derlﬁngiﬁgsffﬁ%#ﬁH#ng bile acids and steroid

horA%RRA Srecufiots dFIBIR Fﬁﬂlyl&:lm P AL thllipid biosynthesis. The
PCTlUSZ 03/ 029-52 | abel ed precursors may

be
precyssar applecadrs of Ml ana be - Oxf HH3>é1%ﬁﬁ§%éa°t¢t¢=&hQZa?ﬁ$?fPscP§é fatty acids.
Theﬂé&ﬂ&?lﬁﬁﬁg angﬁﬁgggﬁéggggégnﬁggﬁ&ngbkﬁ%ﬂﬁm elégﬂ?ggumlsa

precypsardor fathy 8¢ids, rgl,ycmbil mgicBHADcylagliyedrolis schalesiesd angd ds déromtives; BCor
2H—]atbhl%d ?a%%: aclc{m wﬁ o} are prgc%gs%?srigls h‘ldg?ycel(lheg;cphospﬂ(%iplds cholesterol ester,

coamides and other lipids; *C- or *H-acetate, which is a precursor for fatty acids and cholesterol;
803,, which is a precursor for fatty acids, cholesterol, acyl-glycerides, and certain oxidatively

modified fatty acids (such as peroxides) by either enzymatically catalyzed reactions or by non-

~ enzymatic oxidative damage (e.g. to fatty acids); BC- or H-glycerol, which is a precursor for

acyl-glycerides; BC- or *H-1abeled acetate, ethanol, ketone bodies or fatty acids, which are
precursors for endogenously synthesized fatty acids, cholesterol and acylglycerides; and ’H or

3 labeled cholesterol or its derivatives (including bile acids and steroid hormones). All isotope
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but not limted to, N acetyl gal actosam ne,

Wk ucosam ne-sul fate, glucuronic acid,

gl ucg%%irflmcl acid-sulfate), the fatty acyl -noi et ?&o S2003/029526
cerebrosi des and the sphi ngosi ne noiety of

cerebrosides; 2H or 13C-labeled fatty acids, which

are precursors for the fatty acyl nvoiety of '
cerebrosides, glycolipids and other derivatives. The
precursor nol ecul e nay be or include conponents of

Prec rs of sam n ca n
tabelgg Breiisors itk e PS8 i Risarba 12 AnEo: 108 barfiieg tsotope Labs
(Anddvér, mpnpl ex class of bionol ecul es that pl ay
|n80rtant roles in the extracel]ular space (
.ca

empley bipidgy syghas glyedipidsead c%rﬁhroglgﬁs@ garpalsq ‘?.ﬁ Igpeled from
precrIrLd‘H; qflclu&fﬁ%eﬁ ) %ﬁnéﬂ‘is ?e%ﬁrsﬁ Fﬂ%b‘igﬁ' of c&ebrosides {including,
1drge po nmer s UI|t P
but ngt Lunrtsc_hm, Negeytamistodimme dlarcttgdizticosudhe-ad oty glugnongracid, and

sivefipi o B IR S e oo P s oGP oty of

cerebrBadesS T i TS 1NeRE Bty acidd] wikiels aFipagutdonifesitht @atty acyl moiety of
gl ucuroni ¢c_aci d; chondroi tin-sul fate (CS) pol yners,

cerehxmléfﬁ, glyeolipidsiand pthspelerrglenst i ng units of CS

acg'% i éoq?‘éoé‘?cgggam nteé @ﬁ}f‘?lg‘?é;‘g"?’f‘ (}SOf}oplgﬁ ucuronic
acrd h@pﬁhﬁwmﬁnﬁqﬁﬁbmopmhmngﬁ@nnsuhdé*v&um@dnmI t from
repeating units of heparan- sulfate, a diner of
N- Glyebgatnu(raﬂyohhsaﬂdfmc)te%lms am arvenspldxf cﬂ.’tse of b:nimhlactnkas that play
onl ker atan-sul fate ners,

CFE@%%%PP% e FRILIRgP. SERDASY %Fragrlérnomlromt

fluidgli Iﬂ%ﬁ:@ﬁl@i inC*ﬁese%lasé‘Hs RAuden@t eﬁﬁﬁﬁlé"tﬂ@larﬂe polymers built from
N-acet yl gl ucosam ne- sul fate |iKed gal act ose.

glycqpmineglyicgusahispcelmmded, suchad dyalionan, Vﬁn@h eramelmpmape‘sed of up to

SRR e PR [ 208 A g

Ulucasmhfedinkhryml glnmramo adidy cﬂlondraimﬁl-saifatp r(@S)Jpcﬂym&'s airhlch are built from
COs ns, an but a

TEpE: upits.0 tar%@ggls Qgﬂargifiggm%r%ggp 18? dacp Fgﬂ?%%sa% ulteate linked

to ghitakdid &34, Heit%i hilGhinge ]Nﬂ?\rﬁc@tﬂu% e VBAMTHE ref¥ating units of heparan-
acet yl gal act osam ne, % ucuronic acid, the various

sulfatg,p fim@r@f dfaqetd (ryy- @1] luspsamenerpidfajg linked to glucuronic acid; and
keratQﬁ: ¥ t@l%&?ﬁs‘@mcg& ﬁk ﬁgx}xqg&a gﬁlﬁrﬁmfckcf?ﬁérg sulf’d@éjdlsacchande a

ers ucose orated 1nto sug
dlmeﬂﬁlaEdbdrﬁﬂl)S, N%bbtylghcﬁﬁﬁhﬂﬂ’-ﬂdfa&sld(eﬁ ito gainc;mercaﬁ’erﬂeo giryaans; tmltam

e 5 i Sy SO RR ROl R = °9

glycokadlidoghhmdsiiap @Saﬂ]hﬂ&an&ro fASNh& EQral kal\GOiaAUhaine d
into the nltrogen noi ety of the am no sugars, such as

N-Teabsled pggopesasantfichisosapinesl ywans aplproeaglygans inc clude, but are not hmlted
to, 21—@6%1%%?]%%%@ o sugar moieties, including N-acetylglucosamine, N-

acetylgalactosamine, glucuronic acid, the various sulfates of N-acetylglucosamine and N-
acetylgalactosamine, galactose, iduronic acid, and others), ’C- or ?H-glucose (incorporated into

sugar moieties), “H- or *C-fructose (incorporated into the sugar moieties), *H- or *C-galactose

I(inco1p0rated into said sugar moietics), ""N-glycine, other "N-labeled amino acids, or *N-urea

(incorporated into the nitrogen-moiety of the amino sugars, such as N-acetylglycosamine, N-
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acetyl -gal act osam ne, etc.); 13C or 2H—fatty aci ds,
Qe ket one bodi es, 13C- gl ucose, 13C
‘%éo%zo,wﬁ%? or 21l1-acetate (incorporated into t%grﬁﬁ%osmz%za
acetyl noiety ofN, acetyl -sugars, such as
N-acetyl - gl ucosam ne or N acetyl -gal actosam ne), and
180 or 35S-1abeled sulfate (incorporated into the
sul fate noi ety of chondroitin-sulfate,
hepar an- sulfate keratan-sul fate, and other sulfate

eties). .lssot ope | abel edizpr ec [s 4 bers 13
acetygg?léﬂg it lier B 1 1 DT e PPl Sdor Caose C-
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Car bohydr ates Label ed precursors @ gsrsiéo drates may

N-acetiiceluensariing o %ﬂﬂa@wswﬂ%%r QtOé rlgdsuliaty (@corporatcd
mto té@ Qlﬁﬁlté Hlofegﬁ?%h?%ry@gsﬁlﬁ%%Eﬁﬁ rsuﬁaje %9«1 e%‘hﬁ@é’- Witother sulfate

ut are no monosacchar i
moi e(ws).c Alidsotgp eghhatﬂislﬂsmgaimmhp-be puwhamd sepmewtdlyefor example, from

ni mne and its derivatives,
Camﬁﬁjggﬁff’g%ﬂf?ﬁﬂ% ief’ rivatives, iduronic acid,
fructose, % ReurdSY CillRRfdraidsal i ¢ acid, erythrose,
sorbitol, £I s, and p“gl ol s), fatty aci ds, acetate

k dtabsled pErstitsess of é@nbahmrateff may molude anyprepursorad cafhghydrate
: h
bms;%gt% g@&ﬁn andle o %e% gg&gglsgigg}:egmep cﬁlﬁ% e 2119 gé’t“lﬁﬁlﬂéd to K, 0,

urea, starc I nc
mongsachasdss (inalutlug@ucaaﬂ galabtieses )nangd)sacinsc@ep@mjlmis acléfglucosamme
nosace hari des

and el e Betrint P 05 AR RE D iR A SO B,
deexy;ﬁwdsé;ckﬁlic&bﬁ!, 8thvee Sdorbiry] el16Tsaldypolydds), faih héibs, iabetite, ketone

precursor to_ the m)nosaccharl des, 13C- | abel ed

bOdlfé; ethangbdecatpratanines sprine glHaming ang og}ey glepgeniqgipino acids, glycerol,
O B RAE L0ctod is Ry RSLPeys potmr

and attem pekyosiaodi thempndsd@haddeschuling @dphixgrodysescharides).

7 di Cp%gcq\rﬁ'o? %s %‘clx%her cof n‘g%@g%é%ya{em %Tﬁraﬁgbﬁgf @r ‘g@‘ﬁP ds g precursor

to thé ﬁoﬁ&ﬁ&ﬁﬁﬁ@eﬁa‘a Cdﬂ&lémgiucd‘g@ﬁb }pﬁ%uﬁ@is}(ﬁﬁﬁﬁh@’ glﬁﬁ%ﬁol (202, glucogenic

Met hods of Admi nj ster i ng | abel ed precursor

aminp a¢ds, deptap.ctispelopectainkeinae Ba@rpﬁmféwéam@% aCT ?Tv Hw’gbeled the
momfsmm%égy%a& Fnbél@d ¥ﬂa%9e§@td?§g&anﬁ hing} émntpoﬁuﬁts get

Imted to parent er al utaneo sly,
carbdhyiduates dabslediwith “Zhor | Crﬁmdapiés ivhivhasi psecurfgrgo monosagcharides and

an animal. The living system al so may be
comﬂi%‘rf%ﬂi}.'sagj\éﬁg 'of exanpl e, in one enbodi nent, the
| abel ed precursor is 2H20 that can be ingested (e.qg.,

by drinking_or_ intraveno i nfusi on) y a living
S y% t emMethods i @H@’f"@ﬁ’ﬁ’éﬁr P? ecursor molecules

Labeled precursors can be administered to a living system by various in vivo methods
including, but not limited to, orally, parenterally, subcutaneously, intravenously, and
intraperitoneally.

The living system may be an animal. The living system also may be human.

By way of example, in one embodiment, the labeled precursor is 2H,0 that can be

ingested (e.g., by drinking or intravenous infusion) by a living system. In another embodiment,

the labeled precursor is °C)-lysine that can be ingested (e.g., by drinking or iniravenous
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the | abel ed precursor is 13Cl-1ysine that can be

| 2d(€.9., by drinking or intravenous 21 <
W B S Bt D005/ 020926 | i e, on) by a 1TvI g 0as2s
system |In another enbodi nent, the |abel ed precursor

is 73Cl-glycine that can be ingested (e.g., by

drinking or intravenous infusion) by a living system

In anot her enbodinent, the | abel ed precursor is
2H3- | euci ne that can be ingested (e.g, by drinking or

. dntravenous [ nfusion) by .aivi .
intusipfi AR Syt P anihech Rt fle PR flecllofi i Slivoine that
can bé fhgést&ia@, gyl dMBREEd ilhevenous Mfuddéd) by A 1ving systei. duenathier

i nfusion) by a |living, system The |ength @&Etlne for
embogimeah therfabsledrasqs i Eurleing ateanPhmEeHr e Sy gking or
intravidus Fh& )8 1%@ ekl §n %&ﬁ&&%amﬂéﬂe%@m PRERSR 1s 2H,- - .

i 'ncor por ated | I 6synt hetic pathwdy. The isotope-
ghicobeathat| cad bp inzested Grg. il dking aligovaegus ibkesiont novliceg syséem.

b e IR B Pl T A B f i

 allowRESBRIrs R SRR AL Bdcdnil Bc@Pbrate@iintoRrtiosyhiboidpattiwayl The isotope-

nol ecul es and then released in the .form of one qu]gpén%e

labeladameameser metpculpaisaperyde ihuedised fo lgdns Sty &L 3 gene
sufﬁc?e?nﬁiéﬁ) rthr‘?";[gigcg gFE{eS%BE%QHQAd PRl ek bitteculd s b,@@cﬁﬁé)ﬁﬁ(i‘iﬂ)orated into one

etermned length of tinme. This
or marenitbehedddalmasleotesand themrpelpappd mpthg éoriy efrangionmosslabeled and

s s U gDl T peiod oime

‘may B9 e ldeteRnned 1enihasgiard ik requttedaiukativh of ile nyeangesfiom minutes

nol ecul e may be continuqusly or _ repeated
or howie ¢ i 5 15 BImOERTHPSORSEA RPlecRies e Wﬁfﬂ@e%'i Y mEns (-, for

achi | i 's. The precursor nolecul e my
Skﬂvg%“%%ﬁﬁ%?§?§¥ggrﬂgg%t| uously or repeatedly, so that a .

s (T ipeicersbr awtvowlt nely bp ceutinuously perepeatediy sdmmisiersdcfdminisiration
o et SRR BB i 5Bt APl g Bt
contifdNsIoRE Fepbhiody o thakehitidit Saous of piedursed iahdnidigtered such that an

X constant over tine). If the continpous | gbelin .
isotopje platsgu vale BB o IFIaPir 8@%@%}%@1}3@33@ (haf Phyrpipdte

) . ; . i
conceglﬁa@?li?@eft@%@g;ﬂg#@%% AOLBREWLS okl 3TN B thd E3RESLS labeling

e i sotope enrichment “or content
period tanie mupiptapsdforay 1oty as das hatplivesef apitechprdrishmolgeale, the asymptote

"tr recursqgr'. i sotopi,c enri :
tot

reachgl B S oF e et S it ok ST b 3b abPh il 85 acymprote
will 16¥daD@®b ORal praburbdrt Bothbi qpriekiteait or Bynttilagvieligs the fplctivedu

while majintaining a st%bl prgcur ok'apol e ricthpt,
replagamenrafq firthp iigpainilanqlernif AP LusivePY RECIBIEIP Sl e ™hle
mainGOFRY £23h61k BRecisool HrRhmiRS #ROthkiSy PORibie to overcome the biological
complexities of cellular metabolite pools.

The precursor molecule may be administered discontinuously. For the discontinuous
labeling method, an amount of labeled precursor molécule is measured and then administered,
one or more times, and then the exposure to 1abeled precursor molecule is discontinued and
wash-out of labeled precursor molecule from body precursor pool is allowed to occur. The time

course of mitochondrial molecule breakdown may then be monitored by measurement of the loss
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The precursor nol ecul e may be administered
%?@Q@HS,WOUSI y. For the discontinuous | abel ip@TIUSZ(](BIOZ%ZG
net hod, "an anmount of | abel ed precursor nolecule’1s
nmeasured and then adm ni stered, one or nore tines,

and then the exposure to | abel ed precursor nolecule is

di sconti nued and wash-out of | abeled precursor

nol ecul e from body precursor pool is allowed to occur.

The tinme course of mitochondrial nolecul e breakdown

ot a3 At ooty B b BB D Y SRR Sisub b iRudieadRor e
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nmet abol i ¢ _derivative of the biological,sawpuﬁ. After ‘
advier pdminisirabion ek isotepicalby labeled, wrishe) henizptopically labeled precursor
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molequle. dtaompiisiodimitoridneicial moleEeniptlode, bt are nodimitedrto ADNA, RNA,
mt.rmleg:ﬂ.llzgls-ich$1deli,1 bq% are not limted to, DNA RNA
. - proteigs, and bpuds (¢, 2, PHGSBROIPIS) o *  phosphol i pi ds). The
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- nolecule (including Iabel'ed water) may be used in an
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‘1) corttactimg ghd delll curdiesie with) lalbshet water orgpthdrésotaidally dabicled puursor subunit;
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2) alliyiag hEIEnCimE i he 19016 PF PRGIGRITCA SN BEFe!
mitoché¥irlapheleche; ms?mﬁ%rtp@ﬁ@b&gbnuﬁa oo e tYCLSHMA @A from the
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o 5 AL JB % SRRy A s o
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calculating the rate of synthesis or rate of

degr i,on.of the mtochondri.al molecule. .The | abel.ed
Y e S T R S L e g
admirdétered efep@ibtyrmineidhnsé SiElodbe conpeR bR Tibtdpd corRkhtiion
. and isotope_concentration. |sotqpe. concentration
typically ygss dapeqdipg ea theayEoes s -JRitiefee he pdwudstraiog protocol of the

isotopidilly 18el da%rEdbEsoR it 31 & 20kiRindT BE QffdctiUr nidbRenance of the

" administration protocol of the isotopically labeled precursor subunit (i.e., “constant
administration” to the subject). When given as a primer, deuterated water, for example, may be
administered to achieve a sufficient concentration range in body water. Additiénally, for
maintenance purposes, water, including deuterated water, may be administered as a daily dose
(e.g., 70 mL per day) or as a proportion of drinking water (e.g., 4% ngO in drinking water). The
labeled water or other isotopically labeled precursor subunit is optionally administered for a
duration of time sufficient to achieve relatively stable or constant levels over the time period of

incorporation (i.e., steady-state levels) in the cells, tissue, or organism of interest.
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i sotopically | abel ed precursor subunit (Le-, "prim ng"

wSo3MRieect ) Or maintenance of the adm ni StrapiPiis2e03/029526

protocol of the isotopically |abel ed precursor subunit

(i.e., "constant administration" to the subject).

When given as a priner, deuterated water, for exanple,

may be admnistered to achieve a sufficient

concentration range in body water. Additionally, for

mai nt enance purposes, water, including deuterated

[

ﬁﬁ’hg %drmlggséjaggn @tgé%egedsﬁélg‘?rtoqgeﬁ ?Sg?@é P]r?ﬁ@:%%d \]l:\)é&u&or subnit to
subjedtem@y be 4f41% b2By pireldemhiﬂuffg apt mtx)waswer infimivaloe dulywtaseous,

or qQther, isotopical]y.labeled precursor subunit is
““mmBﬁFﬂ@h%UP?mﬁﬁﬁ?ﬁ?gP ¥ ‘for a duration.of time

sufficient to achieve relatively stable- or constant

| evel sgover gbRAnink¥8e BRMd2€ niifochbndailnsladulan (i .

st eady-state l'evels) in the ceIIs ti ssue;, or organlsm .

of interest. 23 WO 2004/ 02494 (}L)J?ZOOB/ 02[? q@ﬁ
admi ni Afteniebeled water el 1sefonig aB? TREHSTSY

admin 1@&@!1 qgit&ﬁl&?drﬂa%% 1S§H@drﬂ‘&n bR SUhbRELS tﬁ@é’ oﬁﬁerﬁ' aldry tlﬁihe

y parenteral routes, . Intravascul ar infusion or_
samp}sm&xﬁ:mtemse bysqchmqnesudbm thepprt (sne (GoblénsiMbnléng S, Hob R,

Henmj A gga{pﬂﬁﬁ@%squ ?@g?' 0 %6@5503%38&8{3%0 Jrﬁ %Eziré‘ﬂerence).

PrefelaBReh@dcihess agaiolaetbitntblhaicelisery., ddektsios 'wbrte B],ood cells such as
m tochondria are isolated, fr

Q e or nore
granujpeyish andymphpertss aclissue hﬂ? glggl%z]t OF fiirdiag Lpusc By ]Whe¥1 1so§ated from

kit BSnéddie dspBation, but
blood §%ﬁ{bﬁh@&ﬂ§m"ﬁ}b% gié@?fg? Ry%&ﬁlﬁs @%(fh ?{Fs)ﬁrsgil gﬂﬁﬂ 200131) Juen PHation, bu

is not@4 alﬁ')lteﬂ-Z Dﬁadﬁjnonh tissat smpleomppbackiaingd by splmigss dncluding, but not

hmlteélé?,ln§ecﬁ énraglglitl gat%er:]cﬁ Efobs(;a%, 2 Vﬁqsg%?%ﬁi%g% Bée%lrﬂlgﬂs Ofhd other surgical

biopsy ﬁﬁ&i@@sﬂh@‘mﬁﬁdﬁl ynphocytes, or tissue such as
T skel etal or cardi ac nuscle. Wien isolated from bI ood

ce the cells bt ai.ned thod
VS EHEBURE TfoChBb AT 4 FoRNADLR o S 2P in which
1sotoﬂ6b B&.ﬁt&ﬂ and/Br fEHL daBbe nidaGfi@ TRBbIOHic RBiteRemoloE patmeﬁi of the
y techniques including, but not limted to,

- mitochepiriakmiolaaylenetbian detpingped by wrtedeisphding; B syt 1"8’5%%0» mass
spectr%ln‘?e%%/ ?uc%gmgé&?{c rés%hgﬂc% ectxkabc%g? YneRf ﬁlﬁg ded ﬁ&r&ﬁ%sédf)y, liquid

neces och Ia] nolecule (e.
scintiDiNfn donihipverotied ntedlods koown imtheiieldh Optlsmﬂm,pthc ISQUIMCEQ‘W‘CM and/or

e S SR g R L o
contel€4RIIFpRedn By tHeBid3getBetid\rkdigior GoolDftbmvliicH theintirdhbairal molecule

mass
was synthesized in the cell, tissue, or organism. The rate of synthesis of the mitochondrial

molecule may then be calculated, as described by Hellerstein et al. (1999), supra, which is herein
incorporated by reference in its entirety, based on isotopic content and/or pattern and duration of
exposure to the isotopically labeled precursor subunit, after correction for the isotopic content
and/or pattern in the biosynthetic precursor pool, according to the precursor-product
relationship; or, the rate of degradation of the mitochondrial component may be calculated, based

on the time course of die-away of the isotopic content and/or pattern in the mitochondrial
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spectrometry, nuclear magnetic resonance speéctroscopy,

E daafd,a-red | aser spectroscopy, |iquid , -
‘E??ﬁ‘%‘( Hf\?i on counting or other nethods known PRIP 031029526

field. Optimally, the isotopic content and/or pattern
in the mtochondrial nolecule is conpared to a
reference val ue representing the isotopic content
and/or pattern in the biosynthetic precursor pool,
fromwhich the mitochondrial nolecule was synthesized

int I, ti , . i T. te of .
molef)e S CFEOV of HASHT: GohoRiE 310t B aed 1 eagpr ety The
calculadddCidtet) 8flsyntifesiing/lol BQSadaon 6t hRs bRk loldules mh§Pfeh be used

supra, which _is herein incorporated.by reference in

to reresgnicthe metabglic Hmsascpfahe ¢ol eptissuelstanelizedind/ or patt er n
and duration of- exposure to the isotopically | abeled
Pflﬁ?kﬁ’cﬁaﬁgﬁ%ﬁ&i&h&ds cﬁﬁﬁe%v&%ﬁ,%%h@%ﬁe&ﬁa% fed' AL RARs Of interest
cont ent nd/or pattern in the biosynthetic precursor

are olainkd framcorell] tigput,er ohpnsmecorrdg tpmetheds knatreinitrshi The

~or, the rate of degradation.of .the nmtochondrial ..
meth s Sy P B et s aaondtel polec b MPRGI o terest may be
isolated BofEs Kiblogical avwaye. of the isotopic content and/or
pattern in the mtochondrial 24 WO 2004/ 024941

'P / US2003/ 029526 | ecul e after. reppval or. wash-out .

( in.ﬁTal.u,f ! ﬁé@gleyu 6t o R LBaY 'éegacarné%g@a ?hesi?@u?ﬁstﬂ?’ OF fganistn.
The on8lof Hlodd BFlobRAPLIPIQAImSYRIBEH A, AR dtLipld e ARGl Rine

m tochondrial nol ecul es may then be used to represent
collegtiog, bigpsben etherimethedsdmotvn ithihie gl [The pnapr mere digdgmigal sample may

i gl Ng: _ f nvent.i

be orBBPIbESHoIohRAPHREL B OHdIE BOMRNR iy Mo LR brom
speciibb@anedt tisewss) such a$ musdie, divere adremal GEgaprostata cissme hndgmeinial
] hqods. kno in. the .. The .. met hods, may. be ecific,
ﬂssu%{%ﬁesiahﬁ?%ﬁﬁﬁﬁwt Shatesmlss AL obiggsed e SRopific
groug SHRMNE ShchBMuldBr cdlig OF BbREIaERIR. AMBlceh1eHsGler3 AR Bay bd

A plurality of nolecules of interest may be acquired

obtainadoprd erdiopelly partislspysificd or splgtedi Gom thethiglogisel semplegising standard
biochRlaPlfdks SAR| H3ndBy be obtained, for exanple, by
bl 0od 8ramn urin col'l ection, biopsy, or other
met hods known in the art. The one or nore biol ogica
s dibglfeeqnengy olf biobrgicabsamding chni wdrp dematling lovidiffererif fstors. Such
m.t achondr.i al l. | e may al be ,obt ai ned from
factorg 6%02?% 1gt gfeg%%gpng%%#?,s 4 %I’Jre gﬁ@ﬁ néoéeciyigtess’ &rt] @?GIFH‘%%F‘? and safety of -
sampHal, idthesid 59 MReak 6 W@ @ral §afS WE theeRitRABIdHaRolcbl]8,Sind the half-
.. blood, skin, and breast tissue. Ml ecul es of interest
life opp phegicdd gptaty Edrugraghitta specific group of cells, such
as tunor cells or fibroblast cells. Mlecules of
| Nt e boufts D2 iiiB¥st Beay ARURIEHed piHHaIBR bt SRRk, isolated, by
partially purified orf isolated, fromthe 'biologica
conveglgﬁpql@ugépzﬁ@nggﬁhﬂﬂg airluding high pressure liquid chromatography (HPLC), fast

performance liquid chromatography (FPLC), chemical extraction, thin layer chromatography,

gas chromatography, gel electrophoresis, and/or other separation methods known to those skilled
in the art.

In another embodiment, the molecules of interest may be hydrolyzed or otherwise

degraded to form smaller molecules. Hydrolysis methods include any method known in the art,
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bi ocheni cal nethods known in the art. The'frequency of

\bb%&ﬁizﬁsﬂ' sanpling can vary dependi ng on di ff‘ﬂﬁfﬂf 2003/029526
factors. Such factors include, but are not limte

to, the nature of the nolecules of interest, ease and

safety of sanpling, synthesis and breakdown/renova

rates of the mtochondrial nolecule, and the hal f-

life of a chem cal entity or drug agent. The nol ecul es
i nt er est nay al so be purified partially, or

£
incluﬁ@g%lgg 3' J[ t otl h%t ed%g% X&ﬂfn 29 Q&ghg#ygfsf%grﬁg%hfuncal
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mtertt%lct)gﬁ%] E%Q &%%Ia %pﬁ)ﬂ‘ﬂﬁjéc?ﬁ (ﬂitﬁﬁﬁlly?' SR&AAL b BorRhiGAPpkiiation

e art. I'n anot her enbodi ment ,
methbéeinnintisg highpedrmatce lhqslld GWHW(BW V£ fag performance hqmd

o S5 G, BT PR oyt et o

separdfihg chogficAl\@h@0P¥ibERARh] c&ﬁil'dliﬂﬁg ROBLORABEE: skilled inithe ag,
but not limted to, chem cal hydrolysis (such as acid
hydrol ysis) and bi ochem cal .hydrolysis (such as
pebt i da%'@“%“é’é‘ﬁ%‘d%‘l“ﬁ%. Hydrol ysis or degradation may
be conducted either before or after purification

anpkleggnﬂy%%ﬁbleqscm&dgne (s@lcatethess) afedito t@nﬁ@tbmwgneal actions of
nmol ecules of Il interest also may he (%I’tl&ﬂ %/
agenfsuRgasiie @ulyRONOFiighBgture, @To?%?%laraﬁew &fHgsgn et or

subcgﬂflérfdégﬂntﬁh@ 'B%E{Bﬁx% l?ﬁ&%l) %ﬂ& H? st bittheRBirk A ABOCEhe metélods of the

o ra ast performance |iqui
presemih rmfaﬁﬂcﬂg hayéwer, (aHBW@etengmhmhoﬂhamg@qcabh flux gpdgs of mitochondrial

el ec
molegg]ﬁ% eag p]ﬁgrAe ﬁ%\fﬁ é}g;ﬂ&lgﬁ aﬁf{é}’gﬁf t@ﬁ‘é ﬁ?&ﬁ'xgias %Vgﬁ%%ﬁ ina Vﬁnet%g])f disease
statel Ond AQ8H R th ligkehal Br inRRmal dxerdize, Hicotfloamimiad ragnﬂinﬁsmsctwny, bed-
Presently avail abl e technal ogies (static nethods)

rest, {ig-stlervbpuaps.or oy behaviogd faciiTs oble xagRR © AFEEE Cﬁ‘ﬂﬁ?m’“ of
agen? %?ssélf rf()r asltn'(')%é P&Fr@(ie aSdesdnitMe Sf"‘ﬁ ﬁﬁhg be‘ien‘i”fs fims e Gitleq Be.,

or ganel |
metalﬁbh@ﬁimm] andm) acaatdc chpasity laxdenmbrop@ s;mctrum of Ph’ESlOlIF%?éal and

ods .of rese i.nve |
aciaralprraerEROS R RO RSt St gt ?%%%%“'*P?‘L“L‘ﬁ%‘)‘e°“le can be
accofiplifdaQnd idakct A8 Rt Bﬁm(tec}@ndnﬂ%ge% caprthﬁrezﬁorfsbe made.
| ipids) and their changes over nF inayv rlqﬂ¥ formaii
contegpts & 24 StalieApcasuTamEntch thioghpsdsial g SPRPSRIPVgPS b 8?‘?% information

in asBABIhE nfifichSREGL fibSerelid bitl QhsERBMIPRDS LttRFFA A YalnI8 dssessing a

living system’s fitness state (i.e., metabolic fitness) and/or aerobic capacity.
L Mass Spectrometry

Isotopic enrichment in mitochondrial molecules can be determined by various methods
such as mass spectrometry, including but not limited to gas chromatography-mass spectrometry
(GC-MS), isotope-ratio mass spectrometry, GC-isotope ratio-combustion-Ms, GC-isotope ratio-
~ pyrrolysis-MS, liquid chromatography-MS, electrospray ionization-MS, matrix assisted laser

desorption-time of flight-MS, Fourier-transform-ion-cyclotron-resonance-MS, and cycloidal-MS.
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rest, life-style changes, or other behavioral factors

) ESXposure to an agent or conbination of agents. _
‘%ﬁizé&éﬁl)@g&s for a nmore accurate assessment of ﬁngiUx??‘}?a"Z%%
system s fitness state (i.e., nmetabolic fitness)
and/ or aerobic capacity under a broad spectrum of
physi ol ogi cal and pharnmacol ogi cal conditions as the
synthesi s or degradation of a mtochondrial nolecule
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m t ochondri al bi ogenesis can therefare be nmade, In )
c MMassaBeciromefst eoners molechies St afBFicTBY, lipide gerRghudiigs, bucleic

idsTRH B A ' b HAk by ik TRl isQRratd he basi
aClSéségggfﬁgnﬁﬁg§§%§%gb%§@hﬁpogé%ggfg 5nd coﬁsequenf?%p%ge ?ms
of thaf mhgsttolobange saios.c Bhe diafribuations of swtopss engsetopdlogriengf ions, or jon
system s fi.tne state (i.e., .metabolic fitness) . . .
fraseioh B Tl Spaeia eanty Mefopid B iRich {ig s oy g pijpcondrial
moleailed.chment in mtochondrial nol ecul es can be
determ ned by various nethods such as nass

spectronetry, including byt not |limted to, gas -
ch %WE?B&%%HQQW?H%*%&P#%%{OW&W%W mass analyzer. A
numbe? 8f GPRrehBivb&: JTRSRs AMPEF A kiown ¥thd £ THRSe include, but are not
_ _ratio-conbdstion- M5, -isotope ratio- pyrrolysis-NM,,
limit¢d tguinagnshe sriarenlagsny eNEirowraydorisalipnaguadpipoleatipe apstime of
: [ ' niLan-tinme of flight-NMs,
fhgmﬁ%%%fé??%%%ﬁéfg?%%?%%?ﬁggﬁgﬁggﬁg?esonance-NB, and
cycl oi dal - MS. 26 WO 2004/ 024941 PCT/ US2003/ 029526
MAdassspetionetaet mawalsoimeidt a mombeu{alstfgent homzation otediads., These

. Lipids, cath drate nucl ei ¢ aci ds, ,and,organi ¢ .

inclui, B rbOLRRRG 5 hie St st ER U RS Ryfact, chemicat

ionizS@RQ AR Belll ROMadon, b &el) a8 Ussorgdion sh@tés, SRl Sis fiekddsdfton, fast atom
rati os. The distributions of isotopes or isotopologues

bombgrdmentgnatgx assiied lpsep deperition/ippigatiop, andsuriars sghanged laser

demnﬁ?&ﬁﬂﬁﬁm'&ﬁ i sotopic enrichment in a plurality of
_ tochondrial nolecules. Generally, nass

spectroneters include an ionization nmeans and a nmass
arfalagdision, two onmetremassfanelvidremenbe cogypdast (HIS/ W3 &irst to separate
analkvzers. are_known,in the ar j.:ncl u
preco{FSoHE i B B O e e B BFL " e Ml
genereteamtiniialvetiys ofdtiiz Abgpaants GlBpiotsdlaed theh gandrata ppnddrffragments

of .. fli h& mass .anal yzer.,s, and Fo% ier transform .
of the.inifia) 105 s ThviesdtingaecrrprRg saucHgy A4 e PRl etraugnoing of the
proteld B? BlecRf télieftee B‘Féi‘lta%fi‘ng Fth%8dsl 0 the Prlzi1ed DasclRSSingle mass

i nclude, "but are not lNimted to, gas phase ionization
spectyptdeanalysishvigun e fec mintics (plya cempepeamlysis imedni zat i on,

and field ionization, as well as desorption sources,

UL M8/VIS Eé[ﬁildg ﬁ%&h@ﬁth% pafttéﬁ‘x"s afdd PéPiide exact molecular mass
determinations generated by protein mass spectrometry provide unque information regarding the
amino acid sequence of proteins and find usé in the present invention. An unknown protein can
be sequenced and identified in minutes, by a single mass spectrometric analytic run. The library
of peptide sequences and protein fragmentation pattems that is now available provides the
opportunity to identify components of complex mixtures with near certainty.

Different ionization methods are also known in the art. One key advance has been the

development of techniques for ionization of large, non-volatile macromolecules including
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bonbardnent, matrix assisted | aser
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anal yzers may be coupled (MS/MS) first to separ ate
precursor ions, then to separate and neasure gas phase
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series of ionic fragments of a protein, and then

generate secondary fragnents of the initial ions. The
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m’xtures near cer
gas mbithfeené fite separaizd tomporents e ®nircd and elenkendlyranilyzedia the mass
art. One key advance has been the devel opnent of
SPCOElfRi ques for ioni zation of |arge, non-volatile
macr onol ecul es i ncl udi ng 27 WO 2004/ 024941
PETihddI2008¢ (12 98R6 maps QicCiraifettit chodalitjeauledt andlitteions of proteins,

Techni ques of this type, have included. el ectrosp
nuclejcgids dinidia ang ergpyic bﬁ’Hf% ri‘thﬁ"s F‘%ﬁ‘ég“ Pa%fﬂcoﬁ'éé%*? i:/ﬁ‘fssﬁfo

-measﬂrMﬁJ'aQé )sotog&ﬁ&eabnﬂ&'&cé’é 6%&1&@0&@{1lg§ h3@RLERhbERd isotope

nbi nation with powerf | e separation
mcomqmﬁaxfunn nsotopbédmﬁdq-wgr is sm@hﬁ@ds3 5] gmlﬂ, depensting erythgphpber of

and_capi.l | ar Iectr r

v R B B SRS SRL Bl By PG RS
as gas chromatography (GC) and hi gh performance '
| i1q) gérd:ralhhwf&tr egdapining HPhsEline thassgagopomer frequency distribution for

chr.o ss spectrqmetr GO/ MB) . capi.,|
the g A U G P BT UP B HICET BB B g Gy gpeted
preculsOr.! HRhBASsHREhT 9GRS ﬁfeansQﬁtebi@ﬁﬁﬁhliﬁg i $ha@liatigs@E or organism, the
separator. In such an application,

naturgllyr asmeiriog fphency epassoseiRpOTBEp aF ﬁ}@@@t@hﬂ&ﬂ?@l E’@FFﬁBlﬁe M’%@H a cell,
|
B s e

- populaBi@sisotopomer frequency distribution may be used for such a background measurement.

'Additionally, such a baseline isotopomer frequency distribution may be estimated, using known

average natural abundances of isotopes. For example, in nature, the natural abundance of *c
present in organic carbon is 1.11%. Methods of determining such isotopomer frequency
distributions are discussed below. Typically, samples of the mitochondrial molecule are taken
prior to and following administration of an isotopically labeled precursor to the subject and

analyzed for isotopomer frequency as described below.
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.may be used in describing such data, for the purposes
niz i i i
eDgy- t he present invention. 2. Calcul ating Label ed:
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is publiely peadlebledrann Brefesgerdvipratisdicrsteny Uniyaadity ofi glidqrmie; Bekeley.
d ei-%r J&@gﬁﬁ?&%ﬂ:&g d@ﬁ?&tﬁ:s PUR thdofdtlcABpatins c8PbatAfed out using
i sot o of a

a table genergtct)ad f;r asrgslct:al:fl: of interest, or graphically, using determined relationships. From
these comparisons, a value, such as the value p, is determined, which describes the probability of
mass isotopic enrichment of a subunit in a precursor subunit pool. This enrichment s then used.
to determine a value, such as the value Ay, which describes the enrichment of newly

synthesized molecules for each mass isotopomer, to reveal the isotopomer excess ratio which

would be expected to be present, if all isotopomers were newly synthesized.
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nmol ecul e. The practitioner then conpares neasured
attern of excess ratios to the theo
: :Vg§5§%@%§uPSuch t heoretical patterns can be cal%gﬁ&%%gam”hu'
using the binomal or nultinomal distribution
rel ati onshi ps as described in U S. Patents Nos.
5, 338, 686, 5,910,403, and 6,010,846, which are hereby
i ncorporated by reference in their entirety. The
calculations nay i ncl ude Mass Isotopower Di stribution

Dy 2 ARk /€ R Al SHT AR S APt o il isotopes

(for ehdnBerf) 3¢ HiasLEotoporierd HEP Bioldliled) 4if BlcTRictioSMURE Rital KPRYAnce
- to one skilled in the art. The nethod is further -

repreganics hysthel nagtionlar [sefope 6 MashigotoRaEse 12111399 distingpishgg fiormarslative

_ i . :
abunddE i pclings e cp G B AR o 358 5 38 specis e
normalided aélativs toH G nad Bgredsyd aspacgnoreddtive atyndandee Fons massmsotOpomer
M their entirety. In addition to the above-cited :
* references, calculation software inplenenting the
method is publicly available from Professor Marc
Hel | erstein, University of Qﬁhh&gk@ngt Berkeleyu The
c dipeianebebptlanse b4k FoteT *rhwheteddpatis thgirange of
" patterns can be carried ouquﬁmﬁ@nmaalable gener at ed
for a nolecule of interest wor graphlcally, usi ng
.determ ned . rel ati onshi ps. From these conparijsons,
nomlvﬂj PRAssesdelativede thelawgstiss (0) wagdboleRAnHE M “ish ehundances oceur.
descri bes the probability of nass i sot opi ¢ enri.chnent
of [ —pool . This
eﬁ%?%%ﬁgﬁ?a?gh?ﬁg%&%gg ﬂé ﬁéne a val ue, such as
t he val ue Ax*, which descrlbes the enrichment of newly
synt hesi zed ﬁnlecules for)eath mass i sot oponer, to

reveal the i bot,pporer cess|r h | woul d be
Zt peégﬁéégﬁfﬁitf -H%Eégfbﬁ$gext were new y
cynihect 286 ma%gw}w £ BeTlARa0ny 0201 26
Fracti onal aL ances aré thg Far'd Fracti ona
abundances of I ndi vi dual |%otopes (for el'énents) or
mass i sotoponers (for nolecules) are the fraction of

t Rehekdubberid ¥ AeFaR GE enrichiddl 85E R kefeks By bdsbiate d@@bfukd db@idance.
i sotope or mass isotopomer. This is distinguished from

rel atj ve . abundanpc wherein t t abunda cies .
i gﬂ C{‘Fe detrrming tﬂ%%iﬁw%tahwpﬁatlﬁse@a%%e ng-ﬂg newly synthesized

durin Q Q P@ﬁéd 5ﬁ§e§u@§0@‘hﬂr\ﬁﬁnétﬁt139 Qe REaidd K868 thokt rRES @RRY) is compared
ati ve ‘abundance. QJ‘ a mass | sot Opomer M,

to themabétat@rmmm@md’ah@d\m which-degoribes fhiggnidehment M nentlp snthesized
blopoi)gné}s fo% e%& mgﬁqgﬁop%fmer, to reveal the isotopomer excess ratio which would be

expected to be present, if all isotopomers were newly synthesized.

3. Calculating Molecular Fliux Rates

The method of determining rate of synthesis includes calculating the proportion of mass
1sotopically labeled subumit present in the molecular precursor pool, and using this proportion to
calculate an expected frequency of a molecule of interest containing at least one mass

isotopically labeled subumit. This expecied frequency is then compared to the actual,
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~whi ¢
: PIGC‘HF%E)BW%S&

>Abundance M t=0 nom nal nmasses relative to the
WSl IS (M) mass isotoponer in which abundances
occur. A Fractional abundance (enrichnment or _
.depl etion) _ Abundance Mk Abundance M (A)e- / \AX)b
n -~ u (j AbundanceM je ~YAbundanceM Jb =-0 t-0 where
subscript e refers to enriched and b refers to '
basel i ne or- natural abundance. |In order to determ ne
the fraction of the nolecules that were actually newy

. i . during a period of..precursor.. '
cxpo R ATE e hinBHhodtfo Rl B B ABESHTER pirost, Trpmgpese values,
the prepogtanpd tiednoleanlé BEinGRdst whithedsyaticbie bR aﬂ&éd&@atoﬁgéuy labeled

descri bes .the enrichnent of new y synthesize
o5t incomppatienperied capbmdatermined;y dhas the tate of synthesis
duringSOEPP 8 beS LR Sk dlchRmfpl ch woul d be . expected to Dbe '
present, if all 1sotoponmers were newly synthesized. 3.
Cal cul ating Ml ecul ar Flux Rates The net hod of -
d e BFssisPTRFofuat eeletionshipmpayshen hanpplicth SFar fheceontiniaug ldbieking
' - -1 S0 i,cally labeled subunit. » :
et IR <AhREE i doRB RS R G e Bt envchiment
-and kit lppttau?mra (:ce@n synthesisitatas) ae ealatiard mlﬁi SecdriRGHeRRY eqibtions.
cu of | rest contajning at |east one nass
The %5@?‘8"3 F%"éﬁ"rsgﬁ T %E@EB’&Y SGisrmed Y apnlyipe tesqniizuoys bekng,
precursrphiefcicloppased to the actual, 30 WO 2004/ 024941
PCTI US2003/ 029526 experinentally determ ned
i sot oponer frequency_ of the nolecule of interest From
t hese val ue§§= ~tpfd- }/éporti on of the nol ecul e of
i nterest which is synthesized from added isotopically

| aliRted= MEEGHA SRR R e&%hﬂﬁ%@?sg%r@?og#c%%cﬁgﬁgg?%chmmt ‘

period can be determ ned. Thus, t synt

dugd ng t suede o 140 !@d;ﬁ@{' | i JT%';Q% -
precursor-produgt re asjtﬁigg%ﬂsﬁfl%h%g%%g% e g’p%‘l“lﬁ\%dd.
For the continuous | abeling nethod, the isotopic

enrichment is conpared to asynptotic (i.e., maxinal
possi bl e) enrichnment and kinetic paraneters (e.g.,

or B S gL O A AL FEM 8L il
calculgied andtheddnety pagpietcrngf thbmotonles of iatesest abehiciigted from exponential
decay equations. In practicing the method, biopolymers are enriched in mass isotopomers,
preferably containing multiple mass isotopically labeled precursors. These higher mass
isotopomers of the molecules of interest, e.g., molecules containing 3 or 4 mass isotopically
labeled precursdrs, are formed in negligible amounts in the absence of exogenous precursor, due

to the relatively low abundance of natural mass isotopically labeled precursor, but are formed in

- significant amounts during the period of molecular precursor incorporation. The molecules of

| interest taken from the cell, tissue, or organism at the sequential time points are analyzed by

mass spectrometry, to determine the relative frequencies of a high mass isotopomer. Since the
high mass isotopomer is synthesized almost exclusively before the first time point, its decay
between the two time points provides a direct measure of the rate of decay of the molecule of

interest.
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precursor-product forrmula: ks = [-In(1-f)]/t, where f
: al synthesis = product enrichnentl asy [ -
-ng@'g&r}gj&?ﬁenrl chment and t = tine of | abel W8 2bbar029526

adm ni stration of contacting in the system studi ed.

For the discontinuous |abeling nethod, the rate of

decline in isotope enrichnent is calculated and the

ki netic parameters of the nolecules of interest are

cal cul ated from exponential decay equations. In

i Gi t t hod [ I h
P Eeardf st s B Dt idp SE AU s Mg e P hprsrane os
ceasdd BbpRtma loh Yndde € h@dinha b, 36 Efsurciha ke ﬁﬂoga%n @Bsss isotopically
|sotoponers of the nol ecul es of interest

labelge pubugit das desnivedi sybstentizlly from phighgstisyel ﬁpllcavmg Precuiser ed
|
aim B R5H0 % e S S STE o DNl b ARSI g
first timevpabitybaaibisetinofng vaitl depdnd vpes thegeflageineat tate dfahmble]mlymcr pool.
precursor but are fornmed in significant anmounts

f | e |
b Bt B o Rt S s B RRPRD fop gy o for e
t}neetxb@top@hxblecﬁlb S8 idere) Trothe prs&icade, Whee ﬂﬁsm,eﬁ éutve {sideBned by
points are anal yzed by nmss spectronetr

Seve@bme RPOES, tlﬁéiefvéa Ignstigeoan pe defemanedbyfitting %heg‘FF“I‘Fng gn exponential
decaly SYBPANHom Hid188 cliRing il @by BRSSOt OpOTET_ TS

synt hesli ze most exclusively before the first tine

point, its decay between the two tinme points provides

a Breakdawnratzsopsians (uhway he ealoflatadbaspd e ap mepomentisd of ether kinetic
deca@burybnterest. 31 WO 2004/ 024941 PCT/ US2003/ 029i 26

referably, the first tine point is |ong enough after

adm ni stration of precursor has ceased, depending on

node of adnikgedihefift.on, to ensure that the proportion

of nass isotopically | abel ed subunit has decayed

;lr'lg 5 de S%‘peai ?agt e gﬁ%}]osde‘glmen\{] n%bugn’c:@vﬁ (g?yﬁysmon and rates-of |
syntHeeis |aﬁ&\fdét@y 1f¢ﬂ§ﬁb$iﬁitﬁll$ afy Biopylpineawhigh is Brhalifismaib @I‘: more identical
t he rst. time point is timng wll e
subupittph lﬁia ga1} e gpass é??é‘?ﬁ‘ca}l]éﬁ@elﬁd Prier WF’%}KBPWW%@W teghypques and.
expeﬁﬁateﬁtapfabgﬁl%%}‘ d8flatelifg AR&RHEScaR e 'ufgtﬁ%%Stseé Wolfe, R. R. Radioactive

determned fromthe decay curve for the three- |sotope
and Siphle dsgtape diraderstin Baemedigine: tmcmieégeﬁ Pragtiseof KinetieAnsgsis. Jobn
Wﬂeg ggnsk m}(rch 159%2&15 legul %?n rﬁ‘%e%{ yf 1151 @u x%c%gm% xt&?e\?/’s éhrough

metabﬁilﬁlﬁhﬂﬁm@bémt&raét. decay curve, and fromth| s,
determ ning a decay constant.

Applications of the Inventive Methods

The methods of the present invention may be used for a variety of purposes. Primarily,
the methods are used to assess the metabolic fitness of a subject. In turn, the metabolic fitness of -
the subject may be used to détermine the risk of that subject for medical conditions such as
- cardiovascular disease and diabetes mellitus, or for mortality in general. Once a particular risk

has been assessed, appropriate treatment can be recommended.
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Breakdown rate constants (kd) may be cal cul at ed based

onentlal or. other kinetic decay curve; = .
‘196112(@4’9?2?? As described, the nmethod can be use'am(q‘/gg"'{m‘“)29"26

det erm ne subunit pool conposition and rates of
synthesi s and decay for substantially any biopol yner
which is forned fromtwo or nore identical subunits
whi ch can be mass isotopically |abeled. Oher

wel | - known cal cul ati on techni ques and experi nent al

| abel de- | abel h
o dmanglristonrc R ORI PE SR oSb P Tl selind, or tissue
f
cultu E{tﬁg&{:ﬁ? drﬁga% glﬁggicﬁ lal) @and?cfa'tﬂ%aﬁhﬁ%ﬁg&@ %a o bl é:ﬁlgﬁ throughput

mannkn fordbeiceffezt oromefabotic fitatss{i.of ah:btbré@ eﬂlteésn@amhﬁ Iﬂm@sqi y wereasing

o ac P B G o BB e b BB O o

cultwicRyQath iDikeiBlc Rethddesk the {nvanﬁtﬂlrdaﬁ by efipldyed pOSBEn pharmaceutical
Primaril t he nethods are used to assess t

h
agentp gk emdidete phemeswicat agsnts a7 Bieh thioghnyt systeaoy e Wihethgpied & vivo or -
in vmtd hﬁ%ii? tQ% h mdRIR Ytk %ﬁ dRYmBRd B9 StabRindehe rtI!iEnﬂ:%quHﬁng

at subj ect medi cal “condi tirons such as
metahxﬂlp diteesabdateand dﬁs@aamamomd et drag/pledrinacentical agentor candidate

o BBl o35 S SO B 8l A3 e

candit¥ie 3RQHe02 494 dn RS EOBIEROEH, O2RBESof ihteraan Aidr@xample, exercise training
variation, the nethods may he

e yed in a.subject.,.
Genereléy 1mra,ravqsaheemefs\wltq fgagps ok fy F%%ngbbsg&wgéwam‘ﬁa @5‘&%8 or
lﬁ‘fgﬁn ﬁ &R ghdabproRRRkaR Q%Qeké:%}pmégf Pésﬁlts #n"h @crease in metabolic

roughput ““ manner; for therr fect on netabolic
fitnessi Howswer( use @f thlsaimwenttvy nathaa| wasld help ablﬁen@fyfal drug gxcangidate drug
tabol.i

agent agtlpﬁvemts %etf) 1%\1/1% n?& arsebngas Il l{tlcgugﬁll‘,')}l f ??%%gét)c?d ﬁofungergo

es I'n

bed-rétkihe toﬁtijubh} filnesy Sﬁlﬁﬁbi}ﬁaﬁtﬁﬁdn othtiehamgcin dsctabolit fieness or acrobic
i nventi on can be enployed to screen pharnmaceutica
demagdont s or candi dat e phar maceutical agents in a high
t hroughput system - Wether used in vivo or - in

THE b5t of mmgfagaﬁ fmagme ARkeIRngGhd kMBS ddssrisiatifidth NRGhange in
y neasuring en conparing netabolic fitness

the miskeboliceliapy oaﬁ@rebrcalammﬂ af 4 Iing pystsm fopjghich a drug agent has been
admx%gtlég;i QE@E 'ﬁ@ﬁ étgrﬁlto faeRt ffeﬂ;%'t g‘?eﬁaeadmugst]g];ed identifies the drug

arnac I cal agent. e resulting erence in
gentrmk:a;hbla af attemnpnstabcﬂlctﬂtaese of arobindenimd ¢fe livdegsiistian.€The drug

agenqdr{rll:%'lyg? e’)%{nq}nﬁfgiﬁa d9 ﬁl‘?ﬁllg 3 e %gg%ggt%tgjg Cci_:erl dé{f olrhtglgvln?gs é’lyestenis Drug agents
may be any chemical compound or composition known in the art: Drug agents include, but are
not limited to, any chemical compound or composition disclosed in, for example, the 13th

Edition of The Merck Index (a U.S. publicatiori, ‘Whitehouse Station, N.J., USA), incorporated

herein by reference in its entirety.

In 2 further variation, the invention provides kits for performing the methods of the
~ invention. The kits may be formed to include such components as labeled water, one or more
other isotopically labeled precursor subunits, or mixtures thereof. The labeled water or other

isotopically labeled precursor subunit(s) may be supplied in varying isotope concentrations and
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general ly inproves the metabolic fitness of a subject.

i inactivity (detraining or decondit]j
vﬁg?&ﬁﬁgﬁggst approximately 2 weeks typically r%'yp§§%ymwxm
in a decrease in nmetabolic fitness. However, use of
this inventive nethod would help to identify a drug or
candi date drug agent that prevents detraining and

thereby has therapeutic utility in people forced to
-undergo bed-rest due to injury, illness,

I mobi | i zation, or other chan ne bol | i t.nes
o5 PrOPRBF B mog R ST vl ﬁap%? "Hﬁy‘nﬁ}‘é!mons for
use ofﬁx%t bﬁ&@%ﬁ & Wikl BadRdRsel hiteth &h@‘d’u@dt@meﬁb@l'i@ﬂﬂ@ss' n -
o ICc fitness or aerobic demand of a l|iving

systen1to whi ch a drug agent has been adm nistered
arfather kit epmmynenis tsuch asgoeip fariadministeagion of laheled water or an isotopically

Iaﬂ:nslez:%‘d r%c?dlr?or Sﬁb‘%{gutkg«gg?ﬂegéu?ﬁgs u On%'é%}lg S, O@Qrg%% éﬁé ﬁtgg‘ ﬁ?%ﬁn@f may

optiohaily Bbg)rsmdédﬁmthéllh& Giniflarl g esnumentgtier ctdiining s;tmplesiﬁbm the Sllb_] ect,

the sa [ivin tem or fferent l i
ool Qi lFgIe IR ErbP TG ‘ATYPS eSS 08B P paiers) 2y also bo
optiofARARSViALRN known in the art. Drug agents include, but
are not limted to, any chem cal conpound or
conposj tion di scl osed for exa the 13t

Ed¥hei followging Traammes arg pmu?@sé ig ghoy T@naba Biethoss P%fhe invention may be

used gyﬂsgc%g 91%’5&%01% AEQE e issubSOH or@'aﬁ‘&?ﬁ Rﬁﬂ@&lﬁ% huld&dS I Those skilled
erence inits entirety urther Vvariation,

in thet atrewﬂm:ecrgmzenhqm mdnle dpesifid medchmerpte héwrheem glusmedmdﬁﬁ@mbed
h pe nveﬁ 9@ The.kits may be forned to include
tey@ﬁ@ﬂ Eﬁﬁﬁ 2Aiat the VSO wat er, one or nore ot her

i sotopically | abel ed precursor subunits, or m xtures

t hereof. The | abel ed wat EKAMPOESIer isotopically

| abel ed precursor subunit(s) may be supplied in

varyi ng i sotope concentraion ind 33 WD 2004/ 024941

PCT/ US2003/ 029526 . as eﬁ’é%%l%}? d vol umes.

Fur t her nor grackibiul By;tzﬁesmmf@hbrm; Wi DNAS mackpged with
instructions for ‘use of the kit components and with

i nstructi ons odsdierically Learled Vo e Afnials614e £ i t ness.

O her kit conponents, such as tools for adm nistration

of | abel ed water or an |sotop|cally | abel ed precursor

s Uherjirttoéad foy. incanpastion off Hoiuf, ramﬁdrtlmsdnaslyﬁihh greidlpsirated in the

el 54 i ), R SRR RS 24 o 4

. were bHAIRH GAG 0% BLD, via Btk erlt@f[eal infesstien Gl loh daPzdr6 t@achieve 2% “H,0 in

scal pel, forceps, need ringes, and_vacutainers)
body gjer if &5 ThiS. D@p&s;agﬂqlawqtv (ﬁ \ﬁ;@é sas then administered as drinking water to

the rodents for about 10 weeks (b). There were two groups of rats:trained and untrained. The

animals were then sacrificed at various timepoints {c), and tissue samples obtained from cardiac

“and hindlimb muscle. Thereafter, mitochondria were collected by centrifugation and

mitochondrial DNA. was isolated using ultracentrifugation and biochemical isolation techniques
well known in the art (see Collins ML, Eng S, Hoh R, Hellerstein MK. .J Appl Physiol. 2003
Jun;94(6):2203-11). The DNA was hydrolyzed to free deoxyribonucleosides and derivatized

using techniques known in the art (Collins et al., supra).
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The foll ow ng exanples are provided to showthat the
%ﬂﬁ@%ﬂ@f __t_h_e invention may be  used to assesg US2003/0295

‘hetabof e fitness of cells, tissues, or organi ERE 1029326

i ncl udi ng humans. Those skilled in the art wll

recogni ze that while specific enbodi nrents have been

illustrated and described, they are not intended to

limt the invention. EXAMPLES Exanple 1 Fracti onal

Synt hesis of Mtochondrial DNA in Rats After

| sot opi cally Label ed Water Adm.jyistrat.i h r.ot oco
f 3} ﬁhgwanb&‘\éaﬁ% thyy inoqipPy3fign Bﬁiﬂ i fagﬂ‘gw&gvé a5 easured
by gak 'c*tﬁﬁltafogf'agwﬂyﬂn&sg JRetr SURFY.| BRI pislLa b An @f(erEi'sQ H‘Eﬁm’g"&readmﬂl

w"ey rats from Si‘'nonsen, | nc. N
| Tunniay) program fpir 1 wedk off eo:hrcis@@%@mbmmkadmmreqeed iw@meﬂhon of °H into

nntoxi%g%lcg}arl @% @()n} f%%%ﬁf‘é‘fya PO %%' ee e\:/x% bigéod 2%1@3& mltOH}OHélﬁal DNA

synthagden ni stered as drinking water to the rodents for
about 10 weeks (b). There were two gr.Q

f
r &ivéochrome @axidsss stV eopteniinereasediwith gasiwglg &Figprep) and returned
to se&ﬂ%}pﬁ édnﬁgﬁle@éls m'd%ﬁnﬁg@&ﬁféﬁ)s Afidra V@&Qas b §§:i=h‘1“n1ng, cytochrome

| es obtained fromcardiac “and hindlinmb nuscl
C oxiflirercentEtdn fhepredoksbntiained gronp “@enotemmﬁbabsly different ﬁom sedentary

o LB, b SRR e

oo 6). Beenbndubugis IV Weddt c&fdtﬂ\fdj{ mmNﬂ,ayaﬁbsxé SEﬁv(bﬂﬂDNP\Scaant diregtly lead

S, Hoh R Hellerstein Physi ol .. 2003 Jun;
to inogepses) subyej sV ggntent ad YAl Gﬂyfamdfrc?% B gy gpresent mDNA
repllcQESB(é’l" 8! Oﬁieq,%ﬁrd?ﬁ‘zﬁe fRfda¥atih ﬁﬁﬁNA‘@hﬂﬁmB Sﬂd‘Eﬁbﬁh’i@W content

known in the art ins et al., supraj.
that vROG4¢1O S Bt e iTP@TH usmw@zi%@emgmse emeiRient wﬂr slgay«pcbregsdatwn by
t he of a f in t 0 |
nucleﬁtezglél Od)i'lg élﬁas r% cl)léurng %h{/ﬂ 198 ﬁg %%éc P}?ITE K\Qﬁreen oxidative
enzyiﬂéﬁ il h&DN!a&ﬁﬂelﬂ E‘erﬁdinﬁéﬁitﬁbl?&:ohﬁtﬁlt i} ﬂ@ n(ltdCﬁélﬁﬁﬁaJ df a cell (Williams
runni ng) gr ramfor 1 week of ex if exhi bite

et al. nlglgﬁ)e@hef &omtent ﬁ%lyeplgpgﬁ HR 195R¢ 1611tochon rial mass, to
allow RdcAGRP HﬁbN@l syDiRsis HPBY BB to%%%ﬁ% %Edgené%%elﬁf%s NMABBlication of

exhi bited reduced m t ochondrial DNA synthesis.
this t@nﬂuhhwt@ltteb@ddagegess wiyarineaspigmenhefaytochrameneadasgiqvels alone,
nin e
smcetklél\? {: %iﬂ?y a?l%?%g%%{lﬁ?%g@&%{é}% gsznsgt%fe 1%391 %‘E%%&‘g 9@#{5 &!easures
detralnlng, cyt ochrone

Example 2

' Fractional Synthesis of Mitochondrial DN4 Isolated From Human Blood Platelets
After Isotopically Labeled Water Administration

The protocol for incorporation of ?H into human mitochondrial DNA from blood platelets
is illustrated in the experimental design of Figure 1B. Human subjects from the General Clinical
Research Center of San Francisco General Hospital were primed with 560 ml of 70% ¥L,0 by
drinking 70 mls every three hours over 24 hours (a) at day zero and given 150 ml of 70% H,0
by drinking 50 mis 3 times a day for about 11 days. A volume of 70 ml/day of 70% ?H,0 was
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C oxi dase content in the previously trained group was
gnificantly different fromsedentary control

‘{;‘g%‘ﬂ%}é'?@tbf 151 0.01 and 0.17 10. 04 nean rel atw%CT’USZ"“?"“”“zf

optical intensities, respectively (Figure 6). Because

subunit IV is not coded by nmt.DNA, synthesis of new

nt DNA can not directly lead to increased subunit |V

content and subunit 1V content does not directly

represent mtDNA replication or transcription. The

coardi nate increases in ntDNA synthesis and subuni_t

then adgigigted byainking 35sale 2 yEes Belay fqrﬁb%tthe BG4 10 s gksa n‘?dood was
ation by
aravaf B BbIY R KRR el bl BB AR "
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admi i e RGP e oot AR R o bation o Bpo (Eiffins vl
suprai tochondria] mass, to allow fractional ntDNA
synthesis to be converted to-absol ute bi ogenesis
rates. Application of this technique has potentia
advant ages over neasureng%?15$3£ytochrone c oxi dase
| evel s al one, since kinetic changes typically precede

Fradfithab50uReis®f ﬁﬁﬁﬁh&idﬁ@l DRaLr @ Fa0§e1ibids Fotdtéd From Human Muscle
measures. Exanple 2 Fractional nt hesi s

of M t.oc hordensigs ABRALPBicatbe belel el Hard Amprigidion
- Platelets After Isotopically Label ed Water

Adig BrotddoRdr %ogb?atmn%feﬁ%tofhﬁfnah BGQLRSHRI DR Ao Bhuscle biopsy

. into human mtochondria] DNA from bl ood platelets is
sample$ isiifestrateddn the exherirosgid desigm pEFizdik | I@me bima ghjestsenplied as out-

Hunan ra | r
s e T et R B e e e
then mgetstbd%enlrﬂm&fa Ja e iR Bt theilremaiﬁdagoflﬁe anght-\@&mrsyudy period.

t hree hours over 24 hours at day zero, a [
Every sty WiekySubiges spts sahye %Z%Iﬂ%ﬂ%ﬂé‘)ﬂ?%sﬁ O gajebment). At
weekf8°£n GRA%usdit o q%)\ég Y@drHIZR ulller §0oital 8MitRns.” Mibodiidfdria were

35 WD 2004/024941 PCT/ US2003/029524 t hen .

1soiat@cblfmmuescle¢dedu3y}e tibsig{di Py Ibtraskrnirifigation aismg degihgds well knownin

t..th . i
oo o B TR B s v
knows bk as, I\Rag!ﬂéﬁeﬁ&f&h@ﬂﬂlal faithesia bf ahPEnterots ddsatiieddan the general
wat e

t ochondr.i PNA from deytera
methagy ARTAIAdh COITSRE FoduRre. RO Por oo Bl Pics

abun&ég@tﬁ}ﬂéﬂ%ﬁiaﬁﬁ%@ﬂorﬁ& o% IHeOn 61 18) A8 HRktidal syntBddRI(B)of mt DNA and

mt PL, are shown in Table 1.

Mitochondrial Phospholipid
Mitochondrial DNA Cafdiolipin Phosphatidylcholine

Subject# EM; f(%)  EM; f(%) EM, £(%)  Body 3,0 (%)
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Fracti onal Synthesis of Mtochondrial DNA and”
ids Isolated From Human Muscl e Bi opgj _

‘ﬂa%(ﬂ%?so?opi cal ly Label ed Water Adm nistrati oﬁbﬁ/ﬁgmoyoz%zg

protocol for incorporation of 2H into human

m t ochondrial DNA from nuscl e biopsy sanples is

illustrated in the experinental design of Fig. 3d.

Fi ve human subjects enrolled as out- patients ingested

70 mM of 70% 2H20 three tinmes a day for 5 days then

2514%y Hereaf £t for ¥ Pemai iddr of e ei gﬂ15-vveek
'~ study period. Every two weeks, subjects gave a saliva
2515883 (for ogeasur qnt 19f bedy 2H20g enri chygnt) . At
week 8, an open nuscle biopsy was perfornmed under
surgical conditions. Mt ochondrl a were isolated from
25158 ciGlY muséPe tisl? (#8g) Bydul trentrifidation,
usi ng nmet hods well known in the art. Isolation of
251748 tagpendrigly () A g9d phogphol igy ds (Php were by
procedures well known in the art. Measurenent ' of
fracti onal synthesis of rut PL were as described in
2517the Q@her al 'Inet hods!4 sdpra d& in A 1ins &0 at,
supra. Measured 2Hincorporation (EML = excess
' - € ecurey—an
fractional synthesis (f) of rut DNA and nt PL are
shown in Table 1. Mtochondrial Phospholipid
M Vaziobiditpciini fedctipnd spthasisoifingi N Ao piy 5&1@19@1@@# peng healthy

N e

valuei O ntDNA 283 nik@0. ﬁaﬁreﬁEthﬂﬁ:‘er&ﬂihBhﬁ&eﬂoﬂﬂﬁ'&ﬁnﬂc%oﬁents of

51598 0.10 3. 8 1 251 48 0.,
humag niltoglzlqrghwg P@ﬁa@b@@'@% reflgﬁgﬁé Im?f gheils Iﬂai&? QT
mfonﬂﬂtlc;h oYl ga&&nbﬂrtﬁsrsﬁ’é:&ér&ﬂ@hmﬁéfﬁts hesis of nt DNA

PL 1's apparent anong healthy subjects and may
reflect di fferences in exercise patterns or nuscle
aerobi c demands. Differenexamplg¢ hes for rut DNA and mt
PL may reflect differential turnover of different

conponent aOfonal IR }'MBQMH’ i PI@?}JI‘:&? id¥Gh Wagn rut

DNA and rat PL synt eS|s may al so provid
After Isotopically Labeled Water Administration

The protocol for incorporation of °H into rat mitochondrial phospholipids is illustrated in.
the experimental design of Figure 4. Female Sprague Dawley Rats from Simonsen, Inc. Gilroy,
CA were placed into three groups, a trained group, a Sedenta‘ry control, and an acute exercise
group. The terms “run” and “exercise” are used synonymously in Fig. 4. The rats were primed |
and maintained on 4% “H,O as described in Example 1. After 57 days, the animals were
sacrificed and tissue samples obtained from either the hindlimb muscle or cardiac muscle.
Mitochondria were isolated as previously described, and assays for fractional synthesis of
cardiolipin (CL)), phoshphatidylcholine (PC), and phosphatidylethanolamine (PE) performed as

described in Example 3, supra.
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i nformati on about exercise patterns or tissue aerobic
]S, anple 4 Fractional Synthesis = . ..

0 g%%ﬁgﬁgrial Phosphol i pids in Rats After: .

| sotopically Label ed Water Admi nistration (!, The

protocol for incorporation of 2H into rat

m t ochondri a] phospholipids is illustrated in the

experimental design of Figure 4. Fenal e Sprague Daw ey

Rats from Sinonsen, Inc. Glroy, CA were placed into

three gro a frai 0 a.sedentary control
s S iR Pal B o Rust i LG R pgrds th prestest
in the BXR@i6d SBup 8f Mimard synonynously in Fi'g. 4. The rats

were primed and maintained on 4% 2H20 as described in
Exanple 1. After 57 days, the animals were sacrificed

o5 P B T B85 RO e o

deut@stef mater anbihy ntesatnbed darerias #ryspotaionfinta aidlemndds isolated from

S, nt.hesis o cardi.ol i pi,n , _phoshphati.dyl chal i ne ...
 mitofifesiis i phase PRSP YIS T ST B pandom ARapelbotic finess

and {B88CH1ibAR e nBedsxanpl e 3, supra. 37 WO 2004/ 024941
PCT/ US2003/ 029526 As shown in Figures 4A and 4B, 2H

incorporation into CL, PC, and PE was the greatest in ‘
t hall prblicatiens, grisulp avd patspiapplicatippecifedhrain arghepahy dysorporated by
| 85 Hggftrate'that a |l aboratory test involving

rdh%%ﬁéqgﬁﬁﬁ%?ng of deuterated water and the nmeasurenent

of deuteriumincorporation into nol ecules isolated

from mtochondria, can replace physiol ogic/whol e-body

exercise tests as indices of netabolic fitness ‘and

ti ssue oxidative needs. ff Al publications, patents,

and patent applications cited herein are hereby

i ncorporated by reference in their entirety. 38

CLAIMS | claim 1. Anin vitro nethod for assessing

metabolic fitness or aerobic demand of a 1iving

system whi ch has been adm ni stered an isotopically

| abel ed precursor nolecul e
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for a period of time sufficient for the |abel of said
isotopically | abeled precursor nolecule to be

i ncorporated into a mtochondrial nolecule in said
living system the nethod conprising: a) neasuring
the isotopic content, isotopic pattern, rate of change
of isotopic content, or pamhevaf change of isotopic
pattern of said mtochondrial nolecule; and b)

cal cyl@gii-ng the rate of synthesis or degradation of
said mtochondrial nolecule to assess netabolic
fitngss or, [

The ot hod af o . apr ey o o3 oP AR hefend of
livigp eystesn whiels basdeen adpinigerpdar isotoniepl labelodubreprsor sroksyle

i sotope. 3. The nethod of claim1, wherein the
isotopically | abeled precursor is selected fromthe

group condpsa parigd ef timg-puffigicnt &y thyllahebefesaid ivopicalhelekaied
P ) Pl R Pk A R 25 P2 M08, e
method Feresisd:  acetate, a 2H | abel ed ri bonucl eosi de, a
13C- | abel ed ri bonucl eosi de, a 15N-1 abel ed

ri bonucl eosi de, a 2H-| abel ed deoxyri bonucl eosi de, a

13C | abel wn@ﬁémrthqymwm enptint] isotogic Pattern, |rafp ef ehenge of isotopic
MYJF fa%fléﬁgm%g ot 1@&0131@1)2%'61‘11' ARLRL ﬁﬁoék@h&ﬂ/al ﬁl%legule %H&i a
13C 'l abel ed fatty acid. 4. The method of claim

wherein the |sotop|cally | abel ed precursor nDIecuIe is
2H20. 5. gheidik € Qifte @s%tﬁ@s& or Mﬁdgﬁ(gh Jf Qﬁd mitochondrial
|sotop|cal y | abel ed precursor "ecul e 1's

mpleuly josssepemetgbolif imesper Aeyabie flen@ﬂné ofsald Hvipgesyaiem. t he

| abel of said isotopically |abeled precursor is a

radi oactive isotope. 39 7. The nethod of claim1,

wher &i n t hke imgthedygficlasn | ywhesdie the dsopppisellit baledmneaursat moleanle is
hgg&p@ﬁ@gﬁgﬂpg&ggg group consisting of 3H 1 abel ed

glucose, 14C-label ed glucose, a 3H-|abeled am no

acids, a 14C-| abel ed am no acid, 3H 1| abel ed acetate,

14C-§, abel ehk Iﬁ&ﬁéc%f% airft 1 %gﬁelre%)ﬁlle ?sg og{ghlpolgyéfédqﬂmgr is Selected

14C- T abel ed rlbonuc eosI
frepa gheyaroupsansditian of @elabq!\ed]gi@oiseab@fl@;@led glucose, a “H-labeled amino

e 3 | f a
acﬁ%w%@@%g@@gm@aﬁéﬁd ai;aﬁd £ f@g@%xlfeagde&te gqa&zed

aogieter ithlabeled WQHB@F@NG{F# - lalbﬁlle‘é@bﬂf@dp@“ﬂ@ a o N-labeled
riSHRANYIsldR U PICARIIG deoxyribonucleoside, 2 *C-labeled deoxyribonucleoside, a "*N-

labeled deoxyribonucleoside, a “H-labeled fatty acid, and a *C-labeled fatty acid.

4, The method of claim 1, wherein the isotopically labeled precursor molecule is
H,0.

5. The method of claim 1, wherein the isotopically labeled precursor molecule is
13C-glycine. -

6. The method of claim 1, wherein the label of said isotopically labeled

precursor is a radioactive isotope.
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acid (DNA). 9. The nethod of claim1, wherein the
m tochondrial nolecule is a ribonucleic acid (RNA)
10. The method of claim9, wherein the RNA is sel ected
fromthe group consisting of ribosomal RNA, transfer
RNA, and nessenger RNA. 11. The nethod of claim 10,
wherein the RNA is nmessenger RNA. 12. The net hod of
claim1l1l, wherein the mtochondrial nolecule is a
protein. 13. The nmethod of claim 12, wherein the
protein is selected fromthe group consisting of a
Z#_Egg 'é[the artncst I 0%? @\ﬁe ,\Eﬁl %}F’Pﬂ@%%tog?caﬁg pa%@fe& ppefcw%Qr molecule is
selecte@ Yo ihe @Fﬁ&xp&oﬁﬁdﬁ@tcﬁgﬁ latzehatt gutslsbtdm—ﬂab@fed IWGCQE}{ labeled
: r educt, 14. T t f.claim, t he
aming Ao @ GrAoEIH A CLl 0 Sed depRlp e i ok geled
ribonuglle@ﬁﬁg i#c. %@l’é@ hBoﬁd@feoEt’d@'ad; H- ﬁb@e@h&ﬁ?ﬂ@édu@leﬂmdé@-'%T%eled
hod of claim 15, wherein t hospholipid is

deoxyrﬂmlnedt@ﬂida‘ n Stk leleiedgfaty peid cd & s¢1[4bgleétfat’éfaﬁcdi ol i pin,
phosphati dyl chol i ne, phosphati dyl et hanol am ne, and a
‘ r‘ant Uh8e trn&ﬁ&f)%f claltwl wﬂaﬁm{r@l@ mgcﬁéndﬁh%meguie w hecie%k?nborluclelc
t e I|V|ng Sys tissue. . The method of claim
acid (HNA).wherei n the tlssue IS nuscle. 19. The nmet hod of
claim 18, wherein the nmuscle i s skeletal nuscle or
car di O The j . e
cr ei frertiahef et & g pE g RSt i bhBledut fra svonycleic acid
(®NAPf claim1, wherein the step of measuring isotopic
' content, pattern or rate of change of |sotop|c

cont ent ngg %(g %{F 3igy 9. Whggﬁr“{j&'&m Il%/%e Igrogb@ﬁ{g?%é%ekmung of

ribosofhat Rﬁﬁetrgf?stfaqg\lﬁfanglrﬁésgén%er RAr ei n the living system
i's an animal. - 23. The nethod of claim 22, mhereln t he

animal is a nannal 24. The nethod of claim
wher ei Fhetthethedhpalaim 10, whersatie RNAE m@ﬁﬁ@gﬁre%%d of

claim?23, wherein the manmal is a human. 26. The

n—f#. FOdTlg:ffn&hxﬁrﬁe 5t &m%%fﬁté"n tﬂ%@nﬁdcﬁbtﬂﬂmﬁﬁﬁ%k‘@ﬂb lisSa ﬁ:oteln

of claim 26, wherein the cel is

a platelet.
©13. - The method of claim 12, wherein the protein is selected from the group consisting

of a subunit of cytochrome c oxidase, a subunit of Fo ATPase, a subunit of F; ATPase, a subunit

of cytochrome c reductase, and a subunit of NADH—COQ reductase.
14.  The method of claim 1, wherein the mitochondrial molecule is a lipid.
15.  The method of claim 14, wherein the lipid is a phospholipid.

16.  The method of claim 15, wherein the phospholipid is selected from the group

consisting of cardiolipin, phosphatidylcholine, phosphatidylethanolamine, and a mixture thereof.

17.  The method of claim 1, wherein the living system is a tissue.

18. The method of claim 17, wherein the tissue 1s muscle.
19.  The method of claim 18, wherein the muscle is skeletal muscle or cardiac muscle.
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28. The nethod of claim 26, wherein the cell is a
cultured cell in a high- throughput screening assay
system 29. A nethod of identifying a drug agent
capable of altering nmetabolic fitness or aerobic
demand of a living systemconprising the step of:
assesgi O 1hAGeRES Aol §7 [ilRES o BlaP RIARLE dlgrmand of
the living system according to claim 1 before and
after said living system has been adm nistered said
dr ugs AgeNipe YOS E o §\IAHER I oBSr HELBRAL kbofil LesE
or aerobic demand of the Iiving system before and
PN rai@lpd Ahprge0AIsPIOPIC 6PNLEIIHeT HRtEREN i deriermicd by mpgs| spestoscery,
NIRUG eag)gwpyaﬁhgﬁaeamﬁam%%m altering the netabolic
fitness or aerobic demand of Igthe living system 41
30. The nethod of claim29, wherein the |iving system
is a manmal. 31. The nmethod of claim 30, wherein the
manmmal is a human. 32. The nethod of claim 30, wherein
t he #anmalhy method dglaie 1. wigsein thediving syt isen enigieln 29,
wherein the living systemis a cell. 34. The nethod of
claim 33, wherein the cell is a cultured cell in a
hi ghe3- t hr Brgagihad of eleisefd, idherpinsthy angipal ipgmammal. The
met hod of claim 34, wherein the isotopically |abeled
precursor nolecule is contacted with cell culture
medi 4 36Themehqdet plaan 3%, véicepinthomamypbip argdenthe dr ug
agent is tested for the ability to prevent
deconditioning of a living system 37. The nethod of
cl aidn 29, Therreqtieidef elaien 2, u%e@gvethw mprmpls g ByNdor t he
ability to increase netabolic fitness or aerobic
demand in response to an exercise or other training
regidten. B mehogef plain biwhicekimthe tiyinggystendis agelhgent
capabl e of altering netabolic fitness or aerobic
demand of a Iivin% system conpri sing: a) assessing the
met ol i cTHeinatwdof elainpsy, gbersindbaeatlds dplatglef.i r st sai d
living systemaccording to claim1, wherein the drug

agent has not been adm nistered to said first
28. The method of claim 26, wherein the cell is a cultured cell in a high-

throughput screening assay system.

29. A method of identifying a drug agent capable of altering metabolic fitness or

aerobic demand of a living system comprising the step of:

assessing the metabolic fitness or aerobic demand of the living system
according to claim 1 before and after said living system has been administered
said drug agent, wherein a change in the metabolic fitness of aerobic demand of
the living system before and after administration of the drug agent identifies the
drug agent as being capable of altering the metabolic fitness or aerobic demand of

the living system.
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l'iving system b) assessing the netabolic fitness or
aerobi c demand of a second said living system
according to claim1, wherein the drug agent has been
adm ni stered to said second living system «c)

conpapi NY 1B eellBd 8RMiSof WiAES e ALin@ 8RB i§ 2 dRABAA 1N
said first and second |iving systens, wherein a
change in the netabolic fitness or aerobic denand of
the f3iir st TRB thethS @6 30 M EBeiS 1S i MBhal @8 Ruhid. €S the
drug agent as capable of altering the netabolic
fitness or aerobic demand of the living system 39.
The et hodhofhe@b@bPla38 30 AR fhe tARIal XaR@lcSyStemis a
manmmal . 42 40. The nethod of claim 39, wherein the
manmal is a human 41. The nethod of claim 39, wherein
the @BIMBITHE fcBod SRR 29, Wirein (e 1i0RE BREMAE a 641 M 38,
wherein the living systemis a cell. 43. The nethod of
claim42, wherein the cell is a cultured cell in a

hi gh 34t hr QUgRPMEd SR8 BB NeheABHSAY cVis b Blurdidell Ehigh-

nmet hod of claim43, wherein the isotopically | abeled
thypughpyt SFenifgIasRY PN s contacted with cel | cul ture
medi a. 45. The nmethod of claim 38, wherein the drug
agent is tested for the ahility to prevent

decordi t i GRT mehest ofglarm gf.iyersiistoe pptomgallyfrhslegpraqyrgorgrolecule
isloRb @t BRih Mneteirdmbkdie drug agent is tested for the
ability to increase netabolic fitness or aerobic
demand in response to an exercise or other training

regi BgN. #ife mAndd it cfph 28 SaRESN tﬁgd&? BodNBh: a3l i thd HNRP®
of a living. system conprising: a) one or nore

preegt dsPedifiqningiof pAViBg sytdt ur sor nol ecul es; and b)
instructions for use of the kit, wherein the kit is
used with the nethod of claiml. 48. The kit of claim

27 Flr t nbhe TS ol Siei 2% HHGTIR theArug asshs s FoR gheazaty o
ink RN RkBald Hindsd BeleffbideBRld SQEsphRRE BFdH Rercise or other training

regimen.

38. A method of identifying a drug agent capable of altering metabolic fitness or
aerobic demand of a living system comprising:

a) assessing the metabolic fitness or aerobic demand of a first said living
- system according to claim 1, wherein the drug agent has not been administered to said first
living system;

b) assessing the metabolic fitness or aerobic demand of a second said living
system according to claim 1, wherein the drug agent has been administered to said second
living system;

¢) comparing the metabolic fitness or acrobic demand in said first and second
living systems, wherein a change in the metabolic fitness or aerobic demand of the first and
second living systems identifies the drug agent as capable of altering the metabolic fitness or

aerobic demand of the living system.

39. The method of claim 38, wherein the living system is a mammal.

42



49. The kit of claim47, further conprising an
instrunent for obtaining a sanple fromthe subject.
50. The kit of claim47, wherein said isotopically

| abel ed precursor nolecule is isotopically |abeled

wat en0. 43 Thd meok bl 139 A6ELES thehabdd@l RRthakeh | C
fitness of a living system conprising: a)
i sotopically | abel ed water, b) instructions for use of

the Kit, whemeihpd bh@ikisd, wiserdis 8d mitdnial isRgod¥et hod of
claim1l. 44

42. The method of claim 38, wherein the living system is a cell.

43. The method of claim 42, wherein the cell is a cultured cell in a high

throughput screening assay system.

44. The method of claim 43, wherein the isotopically labeled precursor molecule

is contacted with cell culture media.

45..  The method of claim 38, wherein the drug agent is tested for the ability to

prevent deconditioning of a living system.

46. The method of claim 38, wherein the drug agent is tested for the ability to

increase metabolic fitness or aerobic demand in response to an exercise or other training

regimen.

47, A kit for assessing the metabolic fitness of a living systém, comprising:

a) one or more isotopically labeled precursor molecules; and
b) instructions for use of the kit,
wherein the kit is used with the method of claim 1.

48. The kit of claim 47, further comprising a tool for administering the

isotopically labeled precursor molecule.

49. The kit of claim 47, further comprising an instrument for obtaining a sample
from the subject.
50. The kit of claim 47, wherein said isotopically labeled precursor molecule is

isotopically labeled water.
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51.

A kit for assessing the metabolic fitness of a living system, comprising:
a) isotopically labeled water,
b) instructions for use of the kit,

wherein the kit is used with the method of claim 1.
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