METHODS FOR MEASURI NG RATES OF REVERSE CHOLESTERCL
TRANSPORT I N VIVO, AS AN | NDEX OF ANTI - ATHEROGENESI S
PRI ORI TY CLAIM This application clainms priority to
60/ 410, 352 filed on Septenber 13, 2002, which is
hereby incorporated by reference inits entirety.

FI ELD OF THE | NVENTI ON The present invention relates
to the field of cholesterol netabolism In particular,
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are still attributed to atherosclerosis (Scientific American Medicine §1 (Rubenstein et al. eds,,

1991)).

Epidemiolqgic, postmertem, and angiographic studies have firmly established a causal
relationship between elevated serum cholesterol levels and the geﬁesis- of atherosclerosis (Levine
et al., Cholesterol Reduction In Cardioﬁascular Disease, N Eng ¥ Med 332(8):512-521 (1995)).
Although there is no single level of plasma cholesterol that identifies those at risk, in general, the
higher the level, the higher the risk. Howcver the risk rises mgmﬁcanﬂy with cholestcrol levels
above 200 mg/dl (Robbms Pathologic Basis of Disease, supra at 559). Levels of total
cholesterol are typically classified as being desirable (<200 mg/dl), borderline high (200-239
mg/dl), or high (240 mg/dD. Diefary treatment s usually recommended for patients with high




................ risk levels of | ow density

i poprotein (LDL) chol esterol and for those with
borderline-high risk |levels who have at | east 2
additional risk factors for atherosclerosis (e.g
hypertension, diabetes nellitus, cigarette snoking,
etc.). However, dietary therapy has been found to be
effective only in patients whose diets were higher
than average in chol esterol and saturated fats (Adult

risk I&RAS ST8O dERNS ipbhrofdat (1958 chq]:ele?& ﬁfl % tﬁgslé%h'l ©B)derline-high risk

Program Second eport of the anel
levelssvhe haverat legsi2) adélﬁlomi nsécrfelctzrnsé‘at atbupsedrfmm @tg Bh)qxactensmn diabetes

ol ST A g ) Bowife e Bopilad P popegticcive onty

in pafemet wbosp dizthi eg@e hi«:heaﬁaﬁ averiipaiarchbrRbiesl @:Ed)éaﬁﬁ%@d £448 (Adult
the c pers chol esterol |evels,

t h h
Treqtpeey }N‘H@"")pé ielevarBLaducepy Eriegrgmirisdend Eeper gggze Expert
panmrn D%ctf&zeﬁd%u %za*msﬁ;féf}%ﬁg%f%m (‘:‘l@érjéﬁpz%cﬁﬁtg NCirculation

met hods as i nhi biting de novo estero synt
89: 131445 EkOP A amel mgltbbmpﬁmeoﬁ patBints withoh g&teab predigposition to

hyp%?l‘fn&és@rofeﬁ&ae RE e cga% & v? eam&\én %gaﬁ I?IQ‘%‘*OSEF% X Iti%%d‘ﬁ})erapy may be

uction of ver ensi
pres(nﬂ)@ gem‘lbrozH) or by inhibiting blle acid

gabsor@’% %ﬁ‘&;‘%‘}“gg £<'?ﬁn %%%% Oéfrvap@b?l@ftﬁqolemla work by such

: meﬂm abphivitig Mwyasoles@é@psynﬁmlaﬁdﬁohaimﬁl% a SfAIDL

reverse chol esterol transport allows a path vvay rou

cholgiierehbicths LY repepfor kg, bavasteimo deetcqsirarthe p@du@mnanfdrermlpw density
llpoﬁﬁfein G\hﬂ)ﬂ%ﬂg ﬁg’ °t ﬁgtrogﬁf _E Py ErE]?[FlanJr ﬁll@?clclff fe%il)mo rrtec(»:)n lgﬁ:he intestines

for nheasuri estero oW Th
(e.2.1 dholestyanive). dh@tnas%tlen olf chcrleaﬂerpbnrlbtapdtslnm;aw&v@mlsd tes/8ale that the

Xcreti in [ivin anl m _Reve chaol est er ol
proch B REGERY < Bledfolleona o BHtr Ei i [N oROh o ey be

remosied et Bistds and maﬁﬂéhit Ihezmsliyand ﬂrés%ﬂ§ BRfd 8 do ﬁcﬁ@ffh f¥hod for

eri pher al tlssues of the body to the liver. As shown

theaquEng Bpeateet sholesiaplilon Sirough the meveste chalestpral ropsport pathway from

ussuéﬁpéj&&@ﬁh%aﬁ% §bidaisnf chol esterol from
extrahepatic tiSsues (the high density |ipoprotein

(| Regerserahplsstedol frantspeut IﬁR@ﬂ' ) RG@Wiokgital pasivepothtoughfwhich cholesterol is |

mob%%)& %{? ng%orfed O t@g gﬁxa g{sgt?e@ etboﬁﬁ\t}%‘\,ﬁ;fe l!lléfﬁ‘ yAs shown in
Fi gumhlg s fk oo hnsefeliep eﬁﬁwﬁyﬂ &%ﬁﬁt@ﬂy@fﬂm chBRBterol from

ti.mat el from t he body represents the onl

- extr ?Rﬁ)ﬁ“ﬁ% Byt wigh ﬁﬁﬁﬁmp@ﬁenaeﬂip%a%@r@ﬁwmm @il transport

o T T A

Evenanayg@pbqs@rol is excreted i mto the bile, and then ultimately, from the body. RCT

' Tepresents the only known biological pathway or active mechanism by which chelesterol can be

remaved from tissues. As mentioned above, because of the well-established role of cholesterol
in atherogenesis, RCT is considered a key 'antiéaﬂlero genic process and is generally believed to

be the explanation for anti-atherogenic properties and clinical correlation with reduced

" cardiovascular risk of the high density lipoprotein (HDL) fraction of plasma.

However, HDL. levels are now recognized to reflect only one component of the molecular

pathway of RCT (Figure 1), and do not necessarily reflect the true flow of cholesterol through
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promotes return of VLDL and LDL particles to the liver). _

Measuring the rate of a biochemical process such as RCT is more difficult than
measuring the_concenﬁaﬁon of biochemical molecules. The former requires kinetic methods,
while the latter involves static measurements. Kinetic measurements must include the dimension
of time (i.e., a timed procedure must be performed), because all rates include time in the

- denominator {(e.g., mg/min for biochemical rafes, analogous to miles/hour for physical rates of

motion). Typically, for biochemical kinetics, the molecule of interest or a precursor o it is



at any plasma HDL | evel. The possibility of a
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determined in a living system. One or more isotopically labeled isotopically labeled high density -

Tipoprotein (HDL) particles, isotopically labeled cholesterol molecules, ot isotopically labeled
chiolesterol Precursors are administered.to the living system -for a period. of time sufficient for the
-label to be mcorpotatcd 1n plasma HDL. One or more isotopically labeled cholfstcrol molecules
are obtalned from plasma HDIL. The isotopic content, isotopic pattern, rate of change of isetopic

content, or asotoplc pattem of the cholesterol imolecules is then measured. The rate of dilution of
* the isolated labeled cholesterol molecules by cndogenous unlabeled cholesterol is then calculated

- io-deterrmne the rate of the first arm of reverse cholesterol transport in the living system.
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Fuﬁhenﬁore the meﬁlods of the prment invention : may be applied to assess the effect of
drug agénts on the risk for atherosclerosis. In general the method involves administering the

drug agent fo a subject, comparing the tate of reverse cholesterol transport in the subject before

.and aﬁer admimstratmn of the drug agents or in comparison o matched subject who have not

<rcceiv@d the drug agents, and calculating the difference in the rate of reverse cholesterol
transport before and after administration of the drug agent. The drug agent may be a known

pharmaceutical agerit or a 'lcrmWn-dﬁexyﬁbonuciéic.acid molecule that affects atherosclerosis.
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‘ atherosclerosis is assessed by conparing the rate of
the stgnsPEr se chol esterol transport in the subject before’
and. after, dietary nodification, apd calculating the
JiPRBFEIRCEIRIC popenh TR PAUeTe File O HBPaRtidiaypic Sontent, or isofopic
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tabeled bile acids were administered in a different manner than the labeling pattem of said ene or

_ more 1sot0plca11y labeled high density. hpeprotem (HDL} particles, isotopically labeled cholesterol

" molecules, or isotopically labeled cholestérel precursors, or the 1sotope label of sald 1sotopxca[1y '
labeled bile acids is different than the isotope label of said one or more isotopically labefed high
density lipoprotein (HDL) particles, .isotopiéaily labeled cholésterél molecules, or isofopically

fabeled cholesterel precursors;
the method comprising the steps of;
determining the rate of the first arm reverse cholesterol transport according to the method of

-the invention;
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to doRhle MotbBBr R A RTAN SRE AP ol e Rips syem.

- nol ecul es by. endogenous unlabeled chol esterol to
determne the rate of the first ann of reverse

chpl fatRE Mpect bF ﬁi&%ﬂﬁ&ft Ldv@ntfdi&fe thefeMb PSviakP dLrm) th]mcthod of assessing
anot her aspect . of 't he present. -invention; there:

the effpt\pif dedive agenf pe gthetosstareiniger Bring gwteat whish h@s basa, dmau%emd said
drug Qfedt Nie SRERD cadipisik taeey:as %e eRRhiBRHE O katd bARRPRSE arkdof reverse

a living systemwhi ch hag been admnistered one or

- chalesigfob trausger # i Wyng sypenagoasting to.fbe msthod pEthe jnyentiodbefore and after
admifiRBatioR of MAIE diu U@ Ciihdrdin dnddieleedi shi |<ﬁ1ga£gcgtso%ﬂz%msclemsm is

administered in-.a different manner t h=t | abel i n

identifisd by p diffirencs frfhe Fte ofthe fistam of SrespTe emlmlé@awpea bﬁ?ogmand after

admirtl @fSioh Bf $ai AR B8l 8 teln spaehi cl es, isotopically
| abel ed chol esterol nol ecul es, or |sotop|cally

|l abel ed chol esterol precursors; or the isotope |abe
of said-isotopically labeled bile acids is different

. t Manrnbiher alislﬁoﬂ:t Gﬂﬁe F@gﬁt ;neﬁutﬁgj tler@ mprehdmnen vitro ethod of assessing
i ca abel e | ensi oprote
*the off S OPBRGE mibarb i oSttt e TRBD TS aLgbiocted to
 said cmarymcﬁzﬂaﬁcai, baid. mbﬁbrﬁl:@ﬁbrﬁh@tﬁdt@ff dl"HetBﬁﬁﬁ‘iLig ﬂ:ﬁrrae of the ﬁ;sst am of
_ i-sin e. steps o e rate o
v ua RSt S7 Wyt B B pErETing I g 48 Ut argon befors
and afi@ stibjéctimgtsiddiviak sydidaetol sameﬁétmg Iinodfﬁieﬁﬁﬁﬁh tvhd:rafg ah $6d Pi Said dietary
e tent, isotopi.c.p of ¢ e 0 to
muodiFGRpE b e et Bl b o St & Bt O s, Aot reverse
- cholet@blisanspirebefiee add aiier il dicthiy\niolificagiat em and cal cul at i ng
' the nolecular flux rate of converting the cholestero

in plasma HDL to bile acid to determne the rate of _
t-he second arm of reverse chol'esterol transport in the _
| it amghsyspeemf thafpreyeﬂmhmnuaﬁpm«t is@kovided afidtdaaittermining the rate of

_ﬂﬂmmggggg%wﬁ_ hwngrOV|ded anu%p vitro nethpd of

-+ @) 'ORE Or More 1sotoplca1!y labeled HDL part{slm: 1sotoplca11y labeled. cholmtaerol
meieculfs wotapxcal[y labeled chsolestcrol PrEcursors, or motoplcaliy 1abelcd bile acids; and .

b) instructions fer- use of thp kit,
‘whicrein tha instructions iﬁclﬁdt; steps that direct a user to:
{i) measure 1sotoplc content; 1sot0p1c pattefn, rate of change of i isotopic content, or isotopic ‘
-pattem of the isotopically labéled cholesterol” moleacuim in plasma HDL obtained from a living
systemn which. has been adm1ms1_:cred said one or more isotopically labeled HDL part_lclm,'
sbtopically. {abeled cholesterol. mbletiles; -or. isotapially Jaboled -ehlestetol “procyrsors, and
_ calculate the rate of dilution of the motopacal{y iabeled oholesterol molecules by: cndegcnous
“uillabiéled: cholesterol to deterthing the rate of the fitst and of % Teverse chol@stcml tranqu)tt in said
living system; ot
6a -



the effect of a drug agent on atherosclerosis in a
living system whi ch has been adm nistered said drug
agent, the, nethod conprising the step of deternining
the rate of the first armof reverse cholestero

t r&lﬂ gu:ag?&{g}e »If;(ﬁ%pslﬁ? c!r'ﬂ%g::q{, ?l/sl(gﬂ)%gé%égt i 1.% é)? ol%a?%ycgf 1&090&1@@0ntent or isotopic

patteﬁldm saidzdngai e Btosiadllg 1@!1;31@ la@e:em obtained épmlgaahwei fsxsgqm that has
sal rug agent aon at lthd SBlecular fl

becn BB BHONES: P HAOPHR TR 0e pighd sl lhd fleoutar flux

rate dfg&ﬁkﬁﬁg @ﬁHﬂh&lS:it&?lQh plaﬁlﬁﬂ HpdItb bﬂ)tezicmi © dauqumfxf lhe ratc of the second amm

) amnlstralono S ru ent abeled
of ey e hoHEP et ingfe Pyies S-S el iola e ok HoRpisSUFLAY fabe

bile 4{d8 hhiagn &dlmhiﬁtetétl&d mmmlﬁpfystam ins sze"ﬁesannglamtehélae fedeheling pattern

of dietary nodifi a n a heroscl e [ call
of said, ope AT FHIFR FFOH)algalgr glg(bgl]l " en.a;[yt ﬁpopr(gtgig (gljl.?‘ éﬁn lcle¥] RBtopically
labelBP dﬁd&és@eaﬂlxﬂnecuﬁal & ismdfiatty daredi chblegierbhpregiress, @r has been labeled
with gggg%g% gliba%hz{t éf a%r?ttﬂ?e‘];lr{ c!:] %ﬂt&f)ﬁfr 2bet 3F Wi Emc dr Sdré ﬁgtoplcally labeled

iving system accord
high 'a@nsttp EpobiBiadiDL) pzbﬁciesn wetipicelly lbbdlat @oleanr@l mblegtles, or isotopically
jecting said living systemto said dietary
hbdﬁ%ﬁ@#?@%ﬁ?@ﬂ”“ﬁ%@?eln an effect of said dietary

f t £ .
o DL B 3 BEURGAeF 850 plap o FABEbERAERY Bport i the.

hwng&Qkﬂﬁk@ﬁﬂhg&ﬂ@&&p@ﬂﬁhb&fore and alter saiddietary

nodi fication_ I n another aspect of the present

invention, there is provided a lit for det erm ni ng

the. rate of reverseoholestem transport ina living

Sy &i @fvkhee Qiﬁ%tlcﬁlﬂngpremt ingension rtherp iseprpdadons iselptpd drug agent that is

a ed | | rticl erasclerosis.
capabl g pteaeneRy bt frfEa of EHSBER kel Bp} Epoton et

cholesteroj‘precursors or |sotop|cally Iabeled bile

acids; and . b) instructions for use of the |it

\32 aiiogher I(g%e{:tnnge@‘ifttﬂeﬂé:rteéegpﬁwérﬂ%huﬂge $¢ &Bﬁd&@@ﬁmﬂ:ﬁ ﬁ{éﬁlﬁ'&atmn that is |

I'sot opi ¢ cont ent
capableof beiridpaifieébnthe rathod of the lirevemeonder hewige @‘b?f&cﬁ:wﬂé‘ﬁ?s‘ﬂe{om‘g
or isotopi.c )rattemof the isotopically |abeled
chol-esterol- nolecules in plasma MDL obtained froma
living “system which has been adninistered said gne or__ﬂih
ol ahathir appecabl o lpadseltddvantion, thup i prowded use of a drug agent int tho

man’liliéq?rg of C%%Fédléamggefof%c?gﬁ‘x% F@E{%Ecléméié" QR edin |sa1@rdrug agent has been

abe esterol | recu sors; ble of bei
1denﬁﬁéc%dim=memmmm igvapfionitd e ametEt: qwer@éﬁ@ﬁlﬁemsyapa ¢ of being

holes&erol nol ecul es by' endogenous
“m%ﬁéé?ﬁPéﬁ 18t erol to deteozrhie the rate of the
first aril of reverse cholesterol transport said
- living systen1 or 6a -
{n anoﬂmr asiseet of the present mvcntlon, ‘there is prowded use of one Or more 1sot@plcﬂlly

‘labeled high denmty hpopmtcm {HDL) particles, 1sotop1caliy labeled cholesterol molecules or .

-isat@pxcaily labeled chol&etemi precursors in ﬂle manufacmre ofa composmon for detenmmng the'

" rate of the first arm of reverse choicsteroi transport i a living system, wherein the isotopic content,_

1sotGp1c pattert, rate of changc of isotopic content, or isotopic pattern of said isotopically 1abeled

cholesterol molecuies is capable of being measured in plasma HDL obtained from a hvmg system

which has been _adtmmstered- with said composmen and wht:rgm the rate of dilution -of said -

isotopically tabeled -f:hélestcrél molectiles in said composition by endogenous uniabeled qhol@Ste’rol‘

is capable of being_-oaléuiated.
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(ii) nmeasure isotopic content, isotopic pattern, rate
of change of isotopic content, or isotopic pattern of
said one or nore isotopically | abeled bile acids
obtained froma living systemthat has been

admin hﬁdtﬁd’r%e&%f% Esef in{dkiEn,! é?& gwr&fﬁHXmsJ: gponte of more isotopically

I bbfélﬁ\g' aci. and cal cuI ate the no ecul ar
abgisHh OUF p5idin diamamfrrnss ‘efracﬂompﬂmm!a@néetﬂmmug)thb irdte ofthi: Second arm of

reveRe dRbINEHINCank R nat Evﬁi’é s}st‘:ﬁa %\ﬁl%&ﬂglsgtroéq antel‘rl‘telsgt(}?l% pattern, rate of

cholesterol transport inthe livin
change 97 AP CoRtSRte0F 1efpRip iPetsn pf saidh eqotmmalhsr labelat bifts adidssis capable of

beihg fiasaebdl iR ofid & Bske He S@HToH N rﬂmﬂ{?&ﬁlg] %s@cn?thq{ lfl f %tcgnnzttdnumstered

nner Ihan the | abeling pattern one or

said cUPRAiieRng wher) themptegifar g riep Chpyspine i @OKGHEM in pleson HDL

to fiRfatidGs @eablbgmegplcg@mg%d | abel ed chol esterol
nol ecul es, or i sot opi cally I abel ed chol esterol.

precursors, or has been | abeled wth an isotope |abe
that is different than the isotope | abel of said one

- or Inathes abRpd &ﬁdhEXarés&Q%%tmlh'tgé}e qlseﬂx%lvfd)éd luﬁepgtp{x %{1@ &ent in the
particles, otoplcally |'abel ed chol estero

II““%%‘D(IQ%‘EI g? cogpogian %b pesgrsing the sfeqt of saifl slressagsnbbn. atherosclerosis in a

livifly ST ShSteinOthe ftd bf) the & ah BE rdvRSe EiNER @' flé Ea%%ble of being

det and ege{ cond arnms of reverse chol esterol transp rt

TRE A AdVEpsVErm heksr anhafieroa Jvingeysem Yasdivow eclnﬂnnstered said

comgngtiler aspect of the present invention, there is
provi ded an isolated drug agent that is capable of

being identifi espie b 8F e pRMeRLLen for

having an_effect on atherosSclero r aspect

of FHare} Hlsstmtes the eﬁtemwhommetrmspprtwt}deg* a dietary

nmod e of bei dentified b '
GF%%%Q'}FEQ%G t%lar%\(; e[?]l 10 n &P [?1{8\7‘?1&8{ éﬁ’]ﬁlgﬂ"@% tth*‘%iﬁye of reverse

Ch@WﬁMMSl s, 'In another=aspect of the present
i nvention, there is provided use of a drug agent in

the manufacture of a medi canent for treating
at her oscl.er OSDISTA WSS mm@x&ﬁ%ﬁﬁ? |
identified by the method of the Tnve e an
ef faect on atherosclerosis and is.capable of being
n:F li?ﬁ RpEpUgvention o videsy kigeheaigal fost fnquinditattsentasating reverse

g T B S

nore isotopicall

CN[Z particles, |sotop|cally Iabeled chol est erol

Ge €Sor isotopically |abeled chol esterol
precursors in the manufacture of a conposition for
-rever se

detefig.p| U S8k, s
 charBeBbBfiepRendifldfudh o et et eationrne inisated,
_ conveml;tpnqi |t@hmqnt.<arﬁmolb&ﬂirdﬂblﬁgﬁ&ﬁib@biblogﬁbﬁl %ldg?aﬁgal%s&y and
s, ‘%lﬁ ont ent i sot otgl c pattern of sal ’
8?? Fi grewgffiin 8{? skilhigf the wrér Sechriprtaiqies arei fully explbined in the
11terax§1rep gir%ﬁarﬂﬁlasidr@éil Bi310%y A Tnblborp RloBuBER (15 WA, ot 198); 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: 4 Technique for
Measuring Bzog;ntflests and Turnover of Polymers (Hellerstem et al., Am J Physiol 263
(Endecrinol Metab 26):E988-E1001 (1992)); and Mass Isotopomer Distribution Analysis at
Eight Years: Theoretical, Analytic, and Experimental Considerations (Hellerstein o al, AmJ
Physiol 276 (Endocrinol Metab 39):E1 146—1 170 (1999)). Furthermore, procedures employing:
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whi ch has been admi nistered with said conposition and

wherein the rate of dilution of said isotopically

| abel ed chol esterol pol ecules in said conposition by

endogenous unl abel ed chol esterol is capabl e of being

cal cul ated. 6b In another aspect of the present

invention, there is provided use of one or nore

isotopically |labeled bile acids in the manufacture of

a conposition for determ ning the rate of the second
comABiciflly avafMAE 88a ¢ R SR1BERnt WANSPRAlly bdustd hédbkdiflg to manufacturer

system wherein 1sotopic content, isotopic pattern,
deﬁp%it;go@pols uplassqubertrisegoteshi ¢ content, or isotopic

pattern of said isotopically | abel ed bile acids is
DefhfiR@b! € of being neasured in one or nore bile acids
~obtarned froma living systemthat has been

adnm ni stered said conposition and wherein the

o [BerC Uiivime sfrstem” i usameam hersoranydtvingentiticinghidingst estlotel Tine, tissue,

orgag.a:iﬁf’d"(}%gg %én ]? (g:rlgzgnsxénelscl‘tﬁgﬁgbl ammglg gpe?erably a vertebrate, more
prefembigrnat nanmalt hﬁb@rb&rqbﬂpﬂ hﬁhﬁﬁh uEﬁanle@fdna@nakg @dludemonhuman

t he nanufa ture of a osition fo as ssing, the
prinafep B GG B dan PROR S 3Eicfilh gnisnals, for
_ emangmﬁg3§%§QQMhuymﬁgeln the rate of the flrst arm of

reverse chol esterol transport is capable of being
determ ned froma |iving systembefore and after saj

i v#ﬁﬁpg {pbeledsahatratse dpeludesppy isplope éabelgﬂd’receﬁ%aehcmﬁhaf is able to
be ileBHfeRatbdERld A Eiegﬁegfl&égst%m stexlﬁ' b fples of i tsotope labeled

ill'ustrates the reverse c¢hol esterg transgort pat hway -
substrptgs inshde] byt aretofbiited to,AHO JkOn i gheos, dHhrtsiedowtine acids, "H-

e L L0 G RS RS, FEARR B e i, "

Yoo & bdmhmgmhcnnﬂ@mﬁmmdé§%&hblochen1ca| test for
-quantitatively neasuring reverse chol est erol ‘ _
tra ort in,viyvo usin sot el ed. cqe
choREBpba1 HR o il hSoiRBHE P motesiRR g that have identical

elenRhBL indheiical EENPIRERB but difeiinliSlopit bént@efepaOHNEL vs. CHsNHD
utilize, un|ess otherw se indicated, conventiaqna

-+ in the gxpRplg abavedt Ispispelogrenars fi%ﬁreaw theiiFeippis|cappositien, therefore each
lsotd?JbQJgﬁg Yas amngc&{é thass bﬁf‘lﬁa}{ horR4Ro) Qﬁﬁuc sﬁMUtlﬁ'E ﬁrn%oltcl)pflogue is

R n the . of the art Such techniques are f
usua&lx}gpmpn@d ofa faméy of isotopic isomers (isotopomers) which differ by the location of

" the isotopes on the molecule (e.g., CH:NHD and CH,>DNH, are the same isotopologue but are

different isotopomers).

“Isotopic content” refers to the content of isotopes in a molecule or population of
molecules relative to the content in the moleciile or population of molecules naturally (i.e., prior .'
 t6 administration or contacting of isotope Tabeled precursor molecules). The term “isotepe

. enrichment” is used interchangeably with isotopic content herein.

“Isotopic pattern” refers to the internal relationships of isotopic labels within a molecule
or population of molecules, e.g., the relative proportions of molecular species with different

-isotopic content, the relative proportions of molecules with isotopic labels in different chemical



literature, for exanple, in Cell Biology: A Laboratory
Not ebook (LB. Cellis, ed., 1998); Current Protocols
in Ml ecular Biology (F.M Ausubel et at., eds, 1987);
Short Protocols in Mlecular Biology (WIley and Sons,
1999); Mass |sotoponer Distribution Analysis: A
Techni que for Measuring Bi osynthesis and Turnover of
Pol yners (Hellerstein et al., AmI| Physiol 263
(Endocrinol Metab 26): E988- E1001 (1992)); and Mass
loci Withinahon®lecihsitfucti, iop Bthénadpgsts of ti: intBimghpattéemragher than absolute
Theqreti cal Anallgytl c, and Experinental Considerations
00““(‘113!8?}38%’?%%% hegpolgpule. am | physi ol 276 (Endocri nol
Metab 39): E1146-1170 (1999)). Furthernore, procedures

eNPE R Mdss” Bdfers BRREL dalulite Bl Péunaing RS &gt ihdses afndl the 1sotopes

. _reagents wll typically be used according to
in thecfgronlecelin eelecdietel et degPENHPess ot herwi se
noted. Definitions By "living. systent is neant

herghRirAMhals Virld t@ﬁk'lﬁ%gér'}ﬁisk' @bﬁﬁm@ b ebundireht ekddhfhass of a

ti ssue;, organ, and organhism ExanpleS of organismns
moldcnlel ude any animal, preferably a vertebrate, nore
preferably a mammal, nost preferably a human. Exanples

Of «BIITRL ?%duﬂe?’ H¥Gs Wﬁpgf%}"lso? SifRbRes tha %ﬁg%éme basis of

pet ani ma exanp cats nd dogs, and reSearch .
nominal nmiﬂathﬁdha:emempice:ompostwn.aﬁsnasa md)tdmm gay'cpeptispaolecules of

| abel ed.substrate"” C l e
el ofis et bk SO Bl S, S, N,
are paftlo? ik SABleqEddl Ro@bomBi RItQsd differedt sbtopolggsasht Mperatxonal terms, a
Exanpl es of isotope | ahel ed substrat g@eégcl ude, {r F
masgpisetoperpey if vy ¢ Sotzlrﬁﬁ@“es fpErrenat g y 2 13st spsgirapgoter. For

uﬂ%%}d??mg@ %@ctro%l'@l'teré Wk @ﬂﬁphﬁé‘é{hﬁgpomers are families. of
abel ed

organi c no cu es, 1AC-I abel e ani c .
lsotqmlogueﬂ that, shm@@@mmal @ess. TBN, theiwienslesugniHelNHp pud GHHD differ

o inn IHDII lgas'_%nd ;rle E‘\F{g e%%gbem %ﬁér{::%tqflésa %@Jyog‘aers but tPe isotopologues

' gues or | es ave ‘I denti ca
CH; N AN, B ORI, eaa]kl @@g&ﬁam 4rt alh of thetsanie hﬁmmall mass and hence are

i sot opi ¢ cont ent VS NHD . ‘
e saRaTEE CABOTRTS. FL0| B GO S TR B REppscd of more than
. one 158@p8BEfe SR Rokd Bl ohdER RER. %@%sﬁh&@ilﬂib@&é@ﬂ@otbﬁﬂo gues and
- a uniqiie exact mass but may not have a unig

massisptoperneis is wnful supregisrdgeasise all indavidwal jsotens e %e&f)t rgsoltved

w0 RS Rk I B OOEABBTRLE 1t

‘that pRdgce hightd Nirss seaclufEii? BblEAt aaleulhﬁmmé?mm miasuipepiodrogftie data must be
ut are different_ |sot%p 3 0

performed on the a undances of mass is pomer rather than motopoiogues The mass

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

containing all ’C, 'H, %0, "N, etc. Other mass isotopomers are distinguished by their mass

differences from Mg (M1, M2, etc.). For a given mass isotopomer, the location ot position of

isotopes within the molecale is not specifiéd and may vary (i.e., "positioﬂal isotopomers" are not

- distinguished).

"Mass isotopomer cnvelope" refers fo the set of mass isotopomers compnsmg the family

assomated w1th each molecule or ion fragment monitored.



"l sotopic content” refers to the content of isotopes
in a nolecule or population of nolecules relative to
the content in the nolecule or popul ati on of” nol ecul es
naturally (i.e., prior to admnistration or
contacting of isotope |abeled precursor nol-ecul es).
The term"isotope enrichnment" is used interchangeably
with isotopic content herein. "lsotopic pattern”
refers to the internal rel ationships of i sot opi c
! abﬁ{{aﬁ i%tto 1 rlne?e%r? to 2 hisk ar iy Qxfldaﬂpés %?Meetﬁass
- eg., the rar ? iR7e pr oportions no ecu ar specl es
isotopiotter<h 4 moleaile. Taditiopilly, detagnt,is phsentel atfenent relative abundances

ns of nol ecul ith | ic lLabels in.
whefy Qe SPartaen o rospalized g B o1 b B AbBR Gt isotopomer; the
mosswlﬁhasxtt%to@&neemafd 1550 264%. Qﬁe?Medr&i REMTdr Applidations involving
rat her than absolute content of isotopes in the

prolfwb!l@canaéysw' E@b@ﬁ mpasisotoparnen dstribntipnapa &M[B%dwwver: is

proppHiBH ¥ psna%aﬁ%qmﬁ&e afe @Aggmgggaig;@gg% Rsbhﬂ:% to the total

aburidioes 9 alscdnéﬂ& ‘teme‘hmt@etpatteﬂné maytbegsed spesyiobish Wil tllu‘:yteun ‘mass
roundi ng the exact nmass of a nolecule. "Mss

mm@@%ﬁ%ﬁ% “ refers to fam |y of isotopic isonmers that
is grouped on the basis of nom nal nmass rather than
is ombgowpimﬂ&b’t fefdis toAhdreast inast cfpheimblenslyr spesips thatcontains all

i, B SGUIGER LLELS  SOLOPLE SOPOS) N B0 S, en i

isotdiRd SorfposilR of AEsdBRTogus Q}lﬂﬂﬂgﬁfweg%aﬁf i uﬁilqﬁé ﬁfdﬁﬁiamblguous

I'sot opol ogues). I n operational terns

becaust i Perb AbNga ifolRes 9 Bfsel ABReNOIS gl dhe REEs % wasto( The
| monoﬁ‘.%% YEHads BUTBIReSR %9(5 519{‘@& ?r[asseg %&' ohh%l"ﬁ%éas%{%ﬁm[i@e? dre identified

rometers, this ty
. bythmh@ﬁdlﬁexsnmﬁoﬁﬂnﬂ [mla,st @tc) | sot opol ogues that share .
a nom nal mass. Thus, the isotopol ogues CH3NH2 and

ggﬁ}g E‘gf S%Iglr e({” ers% the”?a%g of 4l elg%lg]iltq)t 21{01&%' tﬁﬁ%gsults from the

MESSI SOt OpoIer s,
explﬁfﬁmh&ﬁpbﬁﬂbtesf aerBNﬂD;)r ﬁbﬁalﬂblﬁmht DBkiviNtRon aifisbtdpds Heakldifers from
re all of the same n mass ang ence ar
thetg ?t

siFBuiRr Gnt i Bros ORIy o B e ¥ Ly legshae_bundaﬂt isotope

-lsprte&%Eﬁlf&rcesst(&mcﬁé&)wnpmm%z&éd nore than one
. i sotopol ogue and "has nore than one exact mass. The

dlstlnctlon bet ween i sot opol ogues ‘and nmass
i sotbsprumer olesules eeterr i the m%@vhe erosersgrsdisedydyring polymeric synthesis

of. Sﬁ&ﬁi&:‘(ﬂﬂl@ﬁhe& Slﬁza ﬁ',lsg §ur§t§r§n&9&%&ﬁﬁ9ﬁ&@gce %'oﬁgnbonuclew acids,

upol e mass pec rret ers and may not De resol ved
deo:e;mbnnu:slem goitdn smispeatsy gheiseymd glycme
“Labeled water” as used herein refers to water that contains 1sotopes Examples of
labeled water include 2Hz{) 3H,0, and Hg‘s{) As used herein, the term “isotopically labeled

_water” is used interchangeably with “labeled water.” _ y

“Molecular flux rates” refers to the rate of synthesis and/or breakdown of molecules
within a cell, tissue, or organism. “Molecular flux rates”™ also refers to a molecule’s input into or
removal fiom a pool of molecules, and is therefore synonymous with the flow into and out of

said pool of molecules.



t hat produce higher mass resolution, so that
cal cul ations from nmass. spectronetric data nust be
perfornmed on the abundances of nass isotoponmers rather
t han i sot opol ogues. The mass isotoponer |owest in
mass i s represented as Mp; for nost organi c nol ecul es,
this is the species containing all '2C 1H1160, 14N,
etc. Other mass isotoponers are distinguished by their
mass. differences fromM (M, M, etc.). For a given
‘mﬁ _agm,:] Uﬁﬁﬂﬁﬁl acehtival dgeagt aeif ph_aumsf _ 1otgicgmoeﬁt” a."reiﬁ;b@ pes
. thin the nmplecuje.is n specified an
mter(\%argeanbly 66@ Fftf‘?r&ﬂ 5 erﬁl%teagtgqmez)aol%glcéaq Agguts (e P?g gene sequences poly or
moneu%hmaab&ﬁ@sd ytokinedVRSi$nonsQ LROAMR RN 8f E@@ﬁuaﬁl? Al therapentic
. the set of mAss.isofoponers conprising t
actiops wdqld@malmrmmﬂht émn wsed or approvedfgrisaror are being tested or

[ SS. i r |
confFRBLLRF i AR PR TP 6t SRR flnts, b
limied t@, afp chanical. cofipotiid omaipbgmom heclpmitm,rfnr m&mplee ger3doEdition of

cen l ative. ab ances er t he
The Hartialiienis P ahsb ichs SonGt S om Ut nbSASdrcaliigderein by
refel®ASsSini 16 ChARATE KNP fdferd R AR or IcAGhR PR ies tRat3AVE been
to be 100% The preferred formtor applications

approvrbiov thegebeptiowseias iugy indierapdieanas duth UniterStpdes.

| sot oponer .di stribution analysis (MDA), however, is

g?@‘ﬁdl 1&f1£&w"@ﬂa%awﬁqﬁea@ mxxtlaslg bhife b kQn

each species contributes to the tot abundancé
cholfsﬁemls clhlolesTiol dmvmwassmte(meisﬁatet asidderivalyvebsmise acids, carbohydrates,

s RRTRRHEL o B BB RO e

polypgjtaies)lo pray@ies ibasact b&tem‘. evithai ime@bdlic pithwayAGthid a liking system.
' 160, 325; etc. For isotopologues conposed of C H N,

o, P.S. FE ¢, Br,.and | _ the .isotopic co i tion

o AR B Ao Gl ey B e PRy g, The
- term\MRaE]B¢tY ALEd ilda Gl bl Wititmlivahkirdanin.i Sot opes of

~these elenments are al so the | owest in nass. The

BB TS s P 5o
| mdlﬂ&%ﬁ di ﬁl&ﬁ@ﬁﬁﬁﬁ@ fef R0 HDladsBf ’mcﬁgouie%t s‘ilcﬁ as, i}hﬁlﬂt ‘ﬁﬂhﬁs@ kd, Mhe set of

" perturbed” refers to the state of an el enent
totalipollelatpreteinsagenoasuDNg, mioahardeal @Nﬂla mEgbsengen Mﬁpmratbpmmal RNA.

Alter
sequbisk, sndﬂmmieyiﬁﬁ: @meim (fornexhtmpke, apdl@bisleteng on ghegif! fofynucleotide

| ess abundant. to
sequences (i%r examp e a poi ynugleoude encoding apolipoprotein).

.CD

As used hefe_in, an individual “at risk” is an ihdividual who is considered more likely to
develop a disease state or a physiological state than an individual who is not at isk. An
individual “at risk” may or may not have detectable symptoms indicative of the disease or
_phjsiologiéal' c'ondiﬁom and may or may not bave displayed detectable disease prior to the
treatment methods (e.g., therapeutic intervention) described herein. “At risk” denotes that an

| individual has one or more so-called risk factors. An individual having one or more of these risk
. factors has a higher probability of developing one or more disease(s) or physiqlo gical

condiﬁon(s) than an individual without these risk factor(s). These risk factors can iuciude, but

i0
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is present in excess (enriched) or in deficit
(depl eted). "Precursor nolecule" refers to the
met abol i ¢ precursors used during polyneric. synthesis
of specific nolecul es. Exanples of precursor nol ecul es
i nclude acetyl CoA, ribonucleic acids, o
deoxyribonucleic acids, amno acids, glucose, and
gl ycine. "Label ed water” as used herein refers to
wat er that contains isotopes. Exanples of | abeled
are ioBliafted BChisdey SH3Mily diddfBersatidelbib Gne %mﬁ@ﬁsdﬁﬁsﬂe&xed
the term’ |sotop|caI%y | abel ed water” Qﬁ
conditiqngras pathgloates NS PIPreIS difcst 3§e; 0%y RGP clich BiFseppsgf precursor
t
e A L e
organism_ "Mdl ecular flux rates" also refers to a
nofRsifyieg srefarptotmptheds of remodngond orfmRcamperintsyi a mixture of other
lLecul e n h | :
simiflPbibuess @A GhRplt! ghﬁgﬁr;ge%ﬁ%&%p SREaN %E%&ﬁra&h&wg a protein
or p@ﬂéﬂﬂﬁom oné phﬂ:breapmtﬂnsma petiflenin, ¢ mamate 'bf pateincal feglidal
agent" are used interchangeably and refer to chemnical -

eng tles”or bi ol o | G ent s n
mo 5O P oA o b o ARG AR Fo
exan@ilé;. “solatinla Eﬁﬁélﬂ lor Péptidet @Rt Rl separtuigf atle sbéifiapridin or peptide from
actions on biol ogical processes that have been used or -
. all ofhgrprateing of peptidss mS‘r“éfeBéP‘i‘f'g"rt"é%‘f’@H’t%‘FS o ter ed
for use as therapeutic agents.in humans or ani mals.

Dr JObRAPMaS sdnijs1bUelRomPakisesdn§ siviple dbladdebrh @ hsﬁi&)br individual. The
-chem cal conpound or conposition disclosed in,

definitiemencempasies bledandgither fuigpamplgs ow@p}ggwp}]%ggn,(tgat@r@ccess;b1e
ﬁouﬁ%@%‘?ﬁ%&}é?ﬁg %igr el nﬁg%§ @ I eﬂg}ivgn i ???ﬁ?f‘?’%apfm“hes C:
uriné mﬂommndblugé drapads msedia)asagm augk othéraprpeegiures ol Vieg minimal risk,

s H ORGSRl AP A TiF S B LA hfveREn BglPatii in any

way afiér@h& rocﬁr§m8ﬁ§£\lchaﬁ1 By ﬂ‘@dtﬁ@hﬂ with teﬁgdriﬂﬂ Bﬂgbibmumbr enrichment for
limted to, cholesterol, ch I ester derL |vels
certa} ¢AROBFRIS sugf) PEPrateing ogesl Bt clipiggical sample” also

enco QX gl'irﬁ&a? §a IE %leas %&'ugé Iaﬁ’fﬁﬁ’,tdtﬁje?%loﬁé’igﬁrfﬁud ot Ristle samples

eic acid o ynucl eotldesaag ycosanlnoglycans
and glm ipplagdes @ﬂsm aituysy otlefupemathels aad eclblysaiesat within a
: netabollc pathway within a living system An
i
o olafbpl Rl SR e RIELH Db SRR i, cdema
fluidi, sllies,dinaingd filoidy inflandmdtény dxudathsadyhoiiel ﬁﬂud, abscess, empycma or other

_ infected fluid, ce‘rebrospinal ﬂﬁid, sweat, pulmonary secretions (sputum), seminal fluid, feces,

- bile, intestinal secretions, or ottier biological fluid.

Methods For Measurin, Reverse Cholestero]l Transport

The present invention provides-methods for determining reverse cholesterol fransport
(RC’I) in vive by measuring the flow of unlﬁbele,d cholesterol from tissues into the bloodstieam
andfm; from piasma HDL to bile acidé, instead of the flow of labeled cholesterol.
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A "bi ol ogical nolecule" refers to any nol ecul e or

nol ecul es synthesized in a tissue or individual. A

bi ol ogi cal nmay refer to a.class of nolecules, such as,

but not limted to, the set of total cellular

prot ei ns;- genom ¢ DNA, mtochondrial DNA, nessenger o
RNA, or ribosomal RNA. Alternatively, biologica

nol ecul es may be specific nolecules with specific

structural features or sequences, such as specific

Pr Rl ASpeket, Ae iB¥ BN &s difRAld 10 ARERAIRINY thOFfatS AL fiks€ amm of reverse
pol ynucl eoti de sequences (for exanpl e,

cholgstrirgltuospest byingnistading @napbmpmﬁﬂm@lm lagqigd igatepically labeled high
ceno o TP pi A8, il b Rpesss) Mot b Botpicat

labeled chvlgsey sl preagictato slivihg systan Ian senmivasg@m thevpieséng inyeution is
ri sk. An nd|V| not

dﬂe%%‘ct@ detspnigt L3 a?%a F%"}é'f‘"’"‘?‘ﬁ% °*H11§3é“5§1é“’6‘?1’°%y determining

the tRYBIHR!REa6A of R@ﬁd hhd SdinindRHinpRYie 6F mdBYistipiciliyRbeled bile acids to
di spl ayed detectabl e di sease prior to the treatnent

determingibd mql@u@r flux wele ap Bgropvarrien el tholaisslity Blgacid (second
bek,
anno e hedt Cac#ﬁ%eg&ﬁ%ﬁhﬁ%g%@?&iﬁﬂna ?Efgﬁg cﬁé@?ﬁgﬁﬁyhmnmmf

Mamnﬁs mbluﬁq,rbat afe tohBsdted tcs primhizs tfoms alnas s spvirginémals, pets such as cats

q robabillg% L evelo one or nore disease(s) or
an %r&?gw&aaﬂ pf2bb HHF%. " than an individual wthout

these risk factor(s). These ri sk factors can incl ude,

L DRHnidkifle BleRabobf the Rirkethnt 6f Rdwkrsé Chylesrbrdl dvarisyonmbnibe L&ving Systen
devel opi ng one or nore diseases, related conditions,
or IehepRg itesmatd fIhOfist o cﬁﬂrewmowsmmusmganapmdetemmed
race, diet, presence of precursor

in a [iyingsysiqer @BY PN RAPRIFY s ShectomaaRprE B ety tiroprotein
(HDE?fl E:Qﬁéiése isotdpitialif YAuated c'h@fe%ﬁﬂ }e1eehlel) Qfﬁso@épdaﬁ@éﬂe&ﬂ cholesterol

nmor e conponents of a mxture of other. "simla
precumsons eterrdainiFioredda sreiang systeni foyp pgngi pftgne syffigient for. ﬂae label to be

mcoﬁzﬁ)%}tecpin rsr%fa LBk %F&%H‘Q?t@]greﬁlﬂ} lgbéied 91{01&%%1' rﬁ&e&fl&rﬁre

“el'ns ~or
obtaﬁ{e@ﬁeiri’tﬂasma IHZBDI Tike $so_t61;|16@dmdnlt rigitopie bxm:em tretes;é phangt Dﬁgotoplc

oSSR B, SORUER AR 11yt
the ﬁcﬂﬂ@& BAbLIBY RN SEBRblebElePbPébPerdls RRRbIIEECHORMBrolds then caloulated
ot her proteins or peptiddes in a mxture of one or nore

. to dcmromm the rafe oftp firstenm ofireviise Pladesicrp! tsaprbin the living system. -
- enconpasses any sanpl e obtained froma tissue or
i ndi dddinaveriiEtisotopiediinbélehhigh d@ﬁﬁ.&ése@‘f?tﬁﬂbﬁﬂD@mﬂﬂw[eS

SR P R T ot oo
m ?sotopma y lal %analh}/g% ‘fenth‘;?Fpép?S{%%'(ﬁBL?%Q e%hlgo 618211%’ lubeled

cholesterol molecules, or 1sot0plcally Iabeled cholesterol precursors can be administered to 2
living system by various methods including, but not limited fo, orally, parenterally,

subcutaneously, intravenously, and intraperitoneally.

Isotopically labeled HDL particles are typically formed ex vivo (outside of the subject)
for example by incubating apolipoproteinAl with egg phosphatidylcholiné, free *Hg-cholesterol,
and cholic acid in the ratio of 1:80:8:80. Other suitable ranges can be determined by trial and
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urine collection,: blood drawi ng, needle aspiration,
and ot her procedures involving mniml risk,
di sconfort or effort). Biological sanples include
sanpl es that have been manipulated in any way after
their procurenent, such as by treatnent with reagents,
sol ubilization, or enrichnment for certain conponents,
such as proteins or polynuel eotides. The term

"bi ol ogi cal sanple" also enconpasses a clinica

errSraiflgPrévdBitefF clb RAGM 1othaSIBE or@ihAG skl ialtRgirc &ithbdtuindue
or tissue sanples, and also includes _cells in

expegimeptiation: da|) pr@fgg@q: erabedimenty p @lag@m&ap?gth?re{gmﬁed enzyme containing
Leoitfh %&9%@ dJ)Ju Hbfferasd REVHIES vl Bifls ﬁu‘m&bd{ﬁm& &flrf ©

Interstitia fluid
phtsphatndalchdﬂarcns e afldedi fbllommfl Ibammoml pf the gazimess, and cholic acid by such

novi al. flu sce ot her nf ect ed
tooB it B Dlopr R ROy LULRE SRy T bl the
recGREi6REd BDE, pafiolts Wil be $6idadly thixitied , Otheaaathodduot ﬁmmng cholesterol-
intestinal secretions, or other biolog |cg( fluid

labgled HbH spartiglesiss y8igrarm i eikEewa by or 61melas Epdfy deterpined b those skilled in

the BAe present invention provides nethods for determ ning
reverse cholesterol transport (RCT) in vivo by

IO e LS i s

cholestdpolloz am tothpicalln bbelad pufcutsorof ¢hogsterol (ta s Sewect, followed by

C'h ol ei$ eg{)?ciféd ’aé%‘etlf aﬁléxas ﬁglc gdbte{m%?f‘ ({fiﬁ?es#efoﬁ ap cli gl}()r%]estff'rol PTecursors
usifi@iéetop & mae i aik by hriuiisde ftelllnotdih the&ntie Niotgpa3niat @iay be used

forg,g{?go@%; spically laheled. | sof oplcal Ly absledy Mg e o,

cnb@&@.doﬁ&o&m&a%&%@ lor TRl Bt iR FudeOfed oslete@etoq ajhblésterol ethers and
| abel ed chol esterol precursors to a I|V|n%)system
a

cholestrselsrigrsa dp e preferraderappidery sholesiorohestern ajedabalid: ect ed t 0
determining the rate of the second arm of reverse
ch o"ﬂa@lsﬁpplbaltyrldw%@ﬂngh Bensity dipopriotaim DL hearticles isgtopi¢adly labeled

choltl?getr%l 5‘.1"&‘3?“? 5 crr é% ?%831 lfldé%l@d a} %ske@& g&%rs% xgg{' E%contmuousiy or

e acl etermn
repembdlg uil@ainisidretk Adihimistahtibh eaclenachievedin atiopt @aym Administration may

l hol est I bi | d d ., The . . oy
 bo GRheRleLOL Lo O e aci d foegond oL of L BCTen TSy Hpoproein

'(Hﬁﬁj)]ba?ﬁ&l% 1sQfo?fc§ﬂﬁﬁ|b¥le@ BRG1BRerol MBIEBRLS of Relopa@ily PiblelcdlcRolesterol
not rimates, farm ani mal's, sport aninals,

pmpatscys m;w lalsa be e@ngust%mdj dvdqgmug'@ﬂlm eEprﬁhfg@scmlabmttSslabehng method,
ad:wa s?raté n 1§8v é’fn hsléﬁl(%% SF {ﬁ'oé% {i]%?gé %d El%dt%fll%lﬁ:&%()ﬁ '1§ &’ Econtmued and
- washysiteflabbled adiinkssqetpartitle@r nﬂﬁ@ulmfﬁ-ddﬁ body p:&but&irrpoofs is allowed to

reverse chol esterol transport nay be determ ned
occur.
The methods of this invention are typically cairied out in mammalian subjects, preferably
humans. Mammals include, but are not Timited to, primates, farm animals, sport animals, mice,

and rats.

“The isotopically labeled HDL particles, isotopically labeled cholesterol, or isotopically
labeled precursors are generally administered in a suitable carrier at a predetermined volume and

isotope concentration (to yield 2 certain specific activity). - Suitable carriers include saline
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inaliving system One or nore isotopically |abeled

i sotopically | abel ed high density |ipoprotein (HDL)

particles, isotopically |abeled chol esterol nolecules,

or isotopically |abeled chol esterol precursors are

adninistered to the living systemfor a period of timg"

sufficient for the label to be incorporated in plasm

HDL. One or nore isotopically |abeled chol estero

nol ecul es are obtained fromplasna HDL. The isotopic :
solutivantrighiceridesanndfiogs pdtiheslipidd. dsatopd conbang@donfypically opiies depending

content, or_isotqgpic pattern of the chol esterol.

on theBRRPED. &&- PPV Tt es OrPR@ERANGT adpRTAlip. of he tsotopically
1abel$@ﬁUL§ﬁk&ﬂ&9isP@Eﬁ%@ﬁlaﬁQ@{d %ﬁ&l%t&iol, %P{stgﬁ)ﬁicﬁﬁy R¥eled IECUTSOrS are

- endogenous unl abel ed chol esterol 'is then cal cul ated

- admipigtegrs: for alengthiof imeguBfici¢nt thechigvesteady-piptsflevelsiathe HDL-

’ sterol transport in the living system A
oholef AR SR ng isotopically |abeled high density

T e bR o =
BB RSB e DL P L ot s

moleb 86 b ®ibiedicd] eahde & obiihet UlseBpically lablbDlidtatdryl fratheheeHDL
chol esterol, precursors can be admnistered to_a

fractipp of the bisjegieal sHypls &y ohiriscdnparialx Pritied; a7 lglated tpghwiques well

" knowhlifgleSgk to, orally, parenterally, subcutaneously,
I ntravenously, and intraperitoneally. Isotopically

1 dol, i , i@k Sue
PRl PP S VS0 BT s S
. factomsinélingo pnicrenet Almitddtth, thg gatphosjshabiplbgicehwahiple caferasd safety of
g 116-chal est.er ol and cholig.acid jn t ratiQ .
sampfing i PEHE kistan R RS iReS of g ihied @bl nlppietife ofa
drugh%énﬂﬂlaﬂ?ddmgast&éd ﬁf?(.gxfuijagopfrﬂae@l_ ul.es vvcﬁl I knO\(/jm to
t se 01 or nar SKi In the art, wthout unaue . ]
exHEr i '?Fé?‘i‘t%?i%*ﬁfo){ Fﬁyélﬁﬁ’rt@fié‘u“%é@ PRy, OCRiioRally isolated, by
convcfrftﬁaﬁ&l'hﬁﬁﬁﬁ%ﬁo%%étﬁdcﬁ‘i'n&ﬁéilﬁﬁﬁigﬁ%ﬁﬁrﬁ 'liﬂgidch;omatc;/grggh)\rl\(el—lﬁl'LC), fast

ecithin-chol esterol -acyl -transferase activit
perfopmanredigmidatinmsatosraphydFPEAL), ohhvishentiagijdrs Hon layer ¢hyomptography,
o I r v f 0 ‘ i .
e NG YR BB Bl ok SRR RO 18RS s i
in thechit.omat ogr aphy and di al ysi s, respectively. In general,”

the reconstituted HDL particle i1l be for

| R oL e SO toroaps FArF g ChelEH oL BRG be rdpblspedor

" otherihde d@giraﬁmb%n@&méﬂ& ShAEAI14E Hydk A b o®Y inSidle bﬁgrmethod known
readily determ ned by those sKilled in the art. ‘The

i the-4mt, insdeding batnodignited t0, gbemisdl hydralysis(ssh ascheidhghrelyFihand

o _ biéchieﬁgéa? Héé&%uu n.l ﬁ?&lo?ﬁis or degradation may be conducted either before or after

purification and/or isolation of the cholesterol. The cholesterol also may be parfially purified, or
optionally, isolated, by conventional pu.riﬁcation methods including high performance liquid
chromato graphy (HPLC), fast performance liquid chromatography (FPLC), gas chromatography,
7 gél electmphorésis, and/or any other methods of separating chemical and/or biochemical .
compounds known to those skilled in the art. .

.The cholesterol majr also be derivatized. For example, the cholesterol may be derivatized

1o its TMS derivative prior to detection.
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chol esterol or an isotopically |abeled precursor of

chol esterol to the subject, followed by obtaining the

| abel ed HDL from pl asma. The | abeling of chol esterol.

and chol esterol precursors using isotopes may be

carried out by nethods well known in the art. |sotopes

that may be used for in vitro or in vivo chol estero

| abeling include, but are not limted to 2H33H, 13C,

14C, or jso. Cholesterol nolecules suitable for

| abvedthadg of BEthindes, hiringhaleEsbiatiod chotdtirdsidédtesadydresfound, for

and _ chol esterol esters. In a Q{eferred v rigfhon, Is i
exarppig,) in Sl RiplogistAs Fabosptery Mpiebeck (#hn @el@o‘tdogiﬁg ; (Grent Protocols i
Moléﬁ?ﬁlﬁ&og* %hlvf %Liﬁllﬁl}d/etl A POR 968N NSdihobtdREks ik MofRular Biology

y | abel ed

I sot opi C chol ésterol nolecul es, or
(Wileg endPorsal $99) . savedied otivo baatesrwill imosuinderast. ray  be
" continuously or repeatedly admnnistered
Ad@. Meaturaig theriscrapiceneeh isvadc paitevraritews churge of isotopic content, or

e e e g G e

l'i goptotein HDL) particles, isatopically:labeled . .

I RBBLp conts o ibiBe: aser aiie oh istey ST egbuip Sae or isotopic
patt&h oF &t%ﬁﬁft&ﬂical]?'lﬂﬁléﬂ%ﬁb&st@ﬁﬂ nl il B MeNidémiigsde dThe isotopic

di sconti nuously. For the discontinuous_|abelin ] ‘
contegl; selgpic pagipmnain ol ghings of dsolerie FRRTISHE dopie RtiepRpfghe isotopically
1 A e ¥ 1 . . . o
e Tt R LA, B B O el DAY BB i o, s
specironwrirhatylepr magnesio respuaics (INMRY spestredeany, higud spintilltien counting or

met hods, of this fnvention ate typicall [ AT
ot it ot e 68 T iAo R et il Pl Bt bl of
isotdpi€ boitkent, d2 GotapiEpaiein ¢f diibleetdrdl enay(beini@hesd difautly) or may be analyzed
" aninmals, sport aninmals nige, an% rats.. The
afte; the chplesierp) Bas begneahenriqably op Rrochemisally medifisti cal 1y -
| abel ed chol esterol, or isotopically |abeled
pr dcur s8fass pesTgEAEY al |y adninistered in a suitable
carrier at a predeterm ned volune and i sotope
CORGERHid aldchhchtif idbkdpichlIg 1R ddanBIcsRRS ifoldeuRS barvbe Jokermined by
Suitable carriers include saline 13 sol ution,
. varioysimg¢thedsrsueleasamass spesromaiy, inpluding byt epf limitd foygs chromatography-

s GRSGAREA QLIPS SR o <ombusio
MS, TG dosspNnatio-pebm] piis MSa tioid. chiiesto graplopMSadlbetrospral éérizhtion-MS,

HDL particles, isotopical.ly |abeled chol.esterol r
| matS e JopRIRR e Oy e S Sy pgresonance-
g Msadnh%?‘ggﬁapmgi me sufficient to achieve steady-state .
Tevels in the HDI chol esterolin plasna.

D

Mass spectrometers convert molecules into ta,pidly moving gaseous ions and séparate
them on the basis of their mass-to-charge ratios. The distributions of isotopes or isotopologues
of ions, or ion fragments, may thus be used to measure the isotopic entichment in a plurality of

molecules.

Generally, mass spectrometers include an ionization means and a mass analyzer. A
number of different types of mass analyzers are known in the art. These include, but are not
limited to, magnetic sector analyzers, electrospray ionization, quadrupoles, ion traps, time of

ﬂight mass analyzers, and Fourier {ransform analyzers.
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B. Qbtaining Isotopically |abeled cholesterol from

Plasma HDL After adm nistration of the | abeled HDL

particles, cholesterol, or chol esterol precursor

nol ecul es, a biological sanple is obtained.

I sotopically | abel ed chol esterol fromthe HDL

fraction of the biological sanple is obtained,

partially purified, or isolated by techniques well

known in the art. The frequency of biol ogical sanpling

C VlaséRPp¥ctERRREd g ako ittilhder enbbdratdtifaent Sithtion actiods. These
. . include, but_are not linmted to, the nature of t{he .
inclug, bRy sat limiad o gasohaes gREaUeR sycespuchagfifciay mpact, chemical
ioni: 1 OBLRiohC RNPE r fast atom
fonizfi e AR B g RS AR AP b LIRS b BB el
bomlbiasdraehti matsixessisted Bser desdypéen/ionizationtiani durfice efpaced laser
d- Iﬁbeted %holesterol may al so be purified partially
eSoHPVIGRIAUOR: optional Iy, isolated, by conventional

purification nmethods including high pressure liquid

c Mheddkiog) @phot ridrt Rlats) analy@ets mpebd coupted®II/MS) fickt to separate
' chr omat ogr aph FPLCG), chemc extractj.on in.l ayer
prooui St GR ApHP oA Mg Ghasg gt ions. Thesd imsfints
gene@tSAliRPRNAIRS b ionR FpRien JTRImSRAAE, Anld ORen Rh&10E Sedoranry

to those skilled inthe art. |In another enbodi nent, )
fragments ofghe itial donsy The pepitias enelaping wauersss Jlowsramplaesguencing

L3 - i 578 B4i%R 2 single m
or e TS AOSaEod 250 TBHSR Y Seh sl e
spectadthetric medlysds withinoufewnainules (pltecompitcrzmelyiis dime).
hydrol ysis (such as acid hydrolysis) and biocheni cal

degr adat..Qn.. Hydr ol vsi.s ar._ '
oS B ey B e ron RSB, Bt imagions generated
by mté‘s&b&t&c@lﬁéttlyf protide ?ﬂﬁqiaeeisfcﬁmﬁon Tdfgardliilm t-heshaln‘miﬂ agtr@gsiﬁay of
i e partially purjfied, or.. optianally, isolatec y .
* molegrly ohk PERRAMTRPIoPHIE G i RIS Bilion D Ry Mo epectrometic
" analyBR The! TROES aly Stehemict rapiRdpaloaiteinkiflabls nobivhilable provides the

per formance I'i quid chronmat ography (FPLC), gas
opportmisiitidentfpigmpongals of pewples prighises with ae cefaindity ot her
i - ‘ has been the
DBt B A ERA LA R AR iR Pl DRERS Moo has been he
. develdpnleasdfacdiniquey faliemizadtion d€tdrgg nbe-edlatikonaesmoeltdes. tFeghniques of
' . chol estero be derivatized to. its. TMS derijvative
 this G4 0 A RGP AT SRS T y1 g,
desoRBEn/ict) Ao RN S FhRE Bhvd Bl Red| MIS t67BY apiftied @litanbihion with
powerful sample separation introduction techniques, such as liquid chromatography and capillary

" zone electrophoresis.

In addition, mass spectrometers may be coupled to separation means such as gas
chromatography (GC) and high performance liquid chromatography (HPLC). In gas-
chromato grapﬂy mass-spectrometry (GC/MS), capillary columns from a gas chromatograph are
coupled directly to the mass spectrometer, optionally using a jet separator. In such an
"application, the gas chromatography (GC) column separates sample components from the sample
gas mixture and the separated components are ionized and chemically analyzed in the mass -

spectrometer.
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exanple, in Cell Biology: A Laboratory Notebook (J.E.

Cellis, ed., 1998); Current. Protocols in Mol ecular

Bi ol ogy (F.M Ausubel at al., eds, 1987); Short

Protocols in Ml ecular Biology. (WIley and Sons,

1999), as well as other sources. well known in the

art. C. Measuring the isotopic content, isotopic

pattern, rate of change of isotopic content, or

i sotopic pattern of the isotopically |abeled

ChahRR RS ﬁ‘ﬁkfﬁu J@ﬁmgéxe&ta&:ﬁemuﬁ&%es drefiafRirRolecules,

pattern, rate o ange of 1sotopic content, or
hydroml@mlgd 1sp@pt arcorpofatibin Goinsieetopt-bhbley watep & amplified 3 to 7-fold,

ol es ero t hen det he .1 S iC
depeifife SR PR pr e ame Py ES e Aoy LHR0e;
' content, or i sotopic pattern of the isotopically,
| abﬁgeﬁdral‘,hﬁ)bﬁﬁf e detennink adjak&imenmss isetogiamer fiéquentyhiistribution for
met hods i ncl udi n%le}ébu.t nat. limte

“the cg?)lggtg, %QWstqqq} ‘éﬁuvﬁﬁﬂﬁté? pamplg ésotﬁgwckg?c(rﬁl%lsmn of an isotopically

1abe1%@ ﬁe!cﬁ%@ QR¥%h alch @B SR idbrid thadns O efsulikinf th BE celfithee or
hods known in the field. The isotopic content,

orgamsm %unetumibt@pwnng &p@e@w efmagdsappomesbelie Bolssiledf interest.
5 AT 5Ly DRIl TSR cpigomen

histohegra p@behhcmisbgopmettﬁequblmmchsmbghqmdayfbes@ed fior such a background

mes R G AR P PRt FRLPR Do SR RBAS Ty ve

estnﬂéﬁéd, Qsisg ll@&ﬁl@ﬁ\get@éﬁlﬁtuﬁafi aﬁﬂﬁﬁnéd@emsbgjw rSor ek;ﬁﬁ]blﬂ,dh @ture, the
ut  not |n1§e t.o gas chromat ograp
natughghuodaiaealy ( eeseRiop orgasis Ry ad i1d /%%gag%&ftdﬂ'?ﬁﬁﬁ‘%g such
:sotoﬁ%:mlmsﬂ&gﬁﬁcf &Ebﬂuﬁ&ﬁ@f&%écﬁﬁhe«i WerowF )}p"ftﬁtlﬁ? %mples of the molecule of
tio-pyrolysis-Ms, Iiquid chromatography-
interet et tRlssyprioy 0 ami folowing afBinistragion ok alaﬁgﬁOBICé'&' fabeled molecule to the
S
Sd”?%d@%%P! r%%%ggwgopgﬁhclx?ggron resonance- MS, and
cycl oi dal - M5. Mass spectronmeters convert nol ecules
i nDo Gadpilating theRiagf Diséouy anscdbd abelpd Caplestetad é{nlcwles
the basis of their mass-to-charge ratios. The
d [ '$‘hes isbtopicanatent, isompicquitampratd afdhamzs afgaotspic amtenbns isctopic

R o O S Tt B 5B Bompsc o e

1soto§ﬁi%f«‘:lnt Y30tdpAS patRRE Edtd maﬁgesof jBstbpie Bomént] Siflsctalit Pattern of the
means and a nass anal yzer. unber of different

isotopipg B labeleghelesieral Wlewéwavrféh«H&Lrpﬂmlw chelesterphprggursors prior to
. adm nﬂ:ﬁ{aﬁgf to G Rllla% he Wlition! delireRE d ?]Blest'gﬁ}g nghﬁbéﬁ%ﬁ?ﬁ%teml Dilution
an » qu

alyzers, rospray 1oniza 7 rupoles, 10
equativapare khowe irnthe art and are described, for example, by Hellerstein et.al. (1 99, supra.

The rate of dilution is then used to determine the molecular flux rate of tissue cholesterol into

HDL, which corresponds to the first arm of RCT.

, The rate of dilution of plasma cholesterol may be determined directly by subtracting the
rate of infusion of unlabeled cholesterol from the rate of infusion of labeled cholesterol.

InfusionRate(labeledCholesterol)

DilutionRate ==
' Enrichment( LabeledCholesterol)

~ InfisionRate(LabeledCholesterol)
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flight mass anal yzers, and Fourier transform
anal yzers. 15 Mass spectroneters may al so i nclude a
nunber of different ionization nmethods. These
i nclude, but are not limted to, gas phase ionization
sour ces such as el ectron inpact, chem cal ionization,
and field ionization, as well as desorption sources,
such as field desorption, fast atom bonbardnent,
matri x assi sted | aser desorption/ionization, and
11 DetbrinBfiRy G haleRthr RS ehteAF FRIRESRIN QI Iré@icifoleslerol transport in the
addition, two or nore nmass analyzers may be coupled
Inwﬁﬁﬁﬁﬁﬁn first to separate precursor ions, then to

arate and neasure gas phase fragnment ions. These
2‘! npihan pspecy élnfmraaeét mventigogis direcied fodstaletsnpining the rate of the first

arm P[‘ P&@{%Q Eﬁolg{terﬁh@lsﬁl L a s@&)ﬁd&i@%ﬁmﬂl 12 u?i‘ﬁe a8 @9&5& arm of

ragnents o I ons ting
revesseechdlagpioh gamspoitences al | ows conpl et e sequenci ng  of
the protein, by piecing together overlaying "pieces of
t het. (aahsiing Bedade oftha Feisngle ofiREE  spectrometric
analysis within a few m nutes (plus conputer analysis
t i me)detefhine i ¥t dfitheseeohdiinoof ]h@[‘ 1 the pte afitlie dxtaim of RCT is

nmol] ecul ar mass_ det er.m nati ons rate
detegpioed pfrseHEPAPEYs- ORI %‘?fevf‘ééﬂa&g?‘ﬁwlr?@nsm is

alsoQBRAHHAd 28 RIS tefiy.0f  NOI ecul es. An unknown
nol ecul e can be identified in mnutes, by a single

MBRS 4 SREELENEORS & mBF B NbpEal] ﬂihbem&e'&&&f y of

chem cal fragnentation patterns that is now avail abl e

@6] Lde ﬁm}@ﬁotogﬁggf [Pl itk chﬂéj&@tahﬁiynlﬁgﬁﬁ %‘ﬁl@tlﬁfﬂ%f system in a

) COWp ex m xtur near certalnty ferent
manhentifferentdhamibe mmgelanewfad:lsﬂae kabslwf the lsptwuaﬂr labeled Hd3ly particle,

lsot?péca,ﬁg az?:eﬂa% ch?l%i;terotl of 19.0‘%i e\{czeatllll())lq{;ﬁeeli] oles%goli Ire%Hfs%r m%fecule are

Ion o arge,
admfkﬁﬂhﬁdl qudernekivelyhihs lioycﬂﬁcalﬂgf\lﬂ)dl&alcﬂﬂmms &laﬁﬁzt dififepanajsotope label

|zatJon nd matrix assi
than g f9picatly fﬂgﬁé IoPefflﬁlﬁugrtyplca*?aé@gelﬁiwﬁffrf%@awﬂfsvmﬂy
labeieﬁ cﬂﬁcﬁ%l bREBurk . CHHUrAGrk Mo cdpidally 1R I laciid Y Rained from the
separation introduction techniqueS, such as liquid

Tivinglsysem: o thpiptopirtanten lisatepic patisme rete of thangh of isetopic qoptent, or
motog)(i%%ttfcﬁpof HEBi%e 200 ?stxﬁgagﬁ}eﬁr Th gﬁ:ﬁ)l&:ﬁl Ayp L‘zﬁg of %&gyﬂmg glasma HDL-

nmeans Suc rona ogr apny
cholkitgbl odiifea@tida iceldulged © detarmﬁ&ttbgrﬂpbﬁseédﬂaﬁ)l oflravmholesterol

: m%g&ggﬁgq%)éwgiﬁee pgjcf:gr%gtﬁt rﬁl g?tg oyse)versc gﬁolcsteroY&anspoﬁ inthe

living system.

Suitable i-sotopically labeled bile acids include cholic acid, chenodeoxycholic acid,
deoxycholic acid, and lithocholic acid. The preferred labeled bile acids are cholic acid and
chenodeoxycholic acid. Isotopes that may be used for labeling the bile acids include, but are not
Timited to, %, *H, ©*C, “C, or 0. |

* The bile acids that are administered are labeled with an different isotope label from the
isotope label used to label the HDL, chblesterol, or cholesterol precursor. Alternatively, the bile
acids are labeled with the same isotope as fh&HDL, cholesterol, or cholesterol precursor but the

bile acids are labeled in a manner that is distinguishable from the manner used to label the

18



coupled directly to the mass spectroneter; optionally
using a jet separator. In such an application, the gas
chromat ography (GC) col utm separ ates sanpl e conmponents
fromthe sanple gas mxture and the separated
conponents are ionized and chem cally analyzed in the
mass spectroneter. 16 When GO/ MS is used to neasure
mass i sot oponer abundances of organi c nol ecul es,

hydr ogen- | abel ed i sot ope incorporation from

cholds&Rb1QR 8hblaReloe fred@b 6 (clgSdiffpRehd drh@gipdsd, Stoppin@hvd, continuous and other
dependi ng on the nunber of hydrogen atons incorporated

distingwishablp deasyrga el knowe suthese skilegamBicaird)- i n order to

determ ne a baseline mass isotoponer frequency .

di The isblopicatly fabeled bile acifomay beadsingteredigimaipnsogsly with, or

deriyatiye,. such F Shabi&N; ' ' L.
sepafgy KEh, e s rf ML Aok bl @AS isORpRRRY lBLAT LRl oc
isotdpfealty rbeled cholefterebprblsabi Mheiisvtdfieliyditicledttileswids are administered

. organism the naturall ccurring frequency. of. na .
in a pugbl saRSF 8 DpreRsErBrrliEe srd FRpRs SRECHTRRE oy dd p porain
speclficSSifity)] SAItAAL LaNeisSndladd saGhe shl@RRilyRAdOEmEMdhefidSintralipids.

having simlar_environmental histories, a pgpulation
Isotapg GewssaiwRtiont ypigelbniearicd depqoimaondhe PRIOE. &8el Bepie &Yrays a bolus or
asm%m&%? ra(am?trz&ﬁ)ﬁs lﬂig&%@ riabeég @ﬂjﬂ. ?ﬁﬁhﬂeﬁ’,-zlab%!’eﬂrbh@l ssterol ;or labeled

asel1 ne 1sotoponer frequency distribution may be - .
cholestdrolpatasisors) shd grokapdsatly dabeted dile neitisiarsladmiinistered ders diation of time
ol Sotopes. Faor ex e l.n.natyre, t nat ura

suffigient { gﬁesveo%?eaf@éﬁﬂ? Leéf &g o fhg "b‘_’:rf%"élﬁs é’rf‘ g 0 1 110w

Mei hods of  determ ni,ng, such, .isqtoponer,frequengy.. .

b pmpistREon ot e R sdR PRIF T RY BapY SE b pirigneat routes,
e.g., plirdvARuiP fEH bR ofdubchBh s Shirdigcllak @pindapaitohal Rfetion. '
: follow ng adm nistration of an isotopically |abeled

NOY RS Wl Sadi®@niah) Be obiiticdCindandisanplc)tottnf, Motdpiopa@aeite of change
_frequency. D. Calculating the Rate of Dil ution .
of isptopissoaisit aF 1aje elmbangariGraipris putcst Yy e ctlpated pgdescribed for
dmﬂ&$& PRiSeCcoNtent, isotopic pattern, rate of change of
I'sotdpic content, or. isotopic  pattern of the

i sotopically Iabeled cholesterol nolecules after .

adHiadabaledbilensid & adovigisiersd in eonjunstion sathdgieledddRE dpthe subject,
L1.4.80fQpi.c pattern, . . Ghande. of.: i Jo well
1abeled QB oP B B G e SRR EE b 3R SR il we
Inowh Bl s her dls desdrided hesing fhetifutogitlabgasftheddasinistered bile acid is

. chaolesterol precyrsqrs pri 0O admnistration to

- distipgyighablerigom fat 8?&69&%‘%?”3% ed chol esterol by
- unl abel ed cholesterol. Dilution equations are known
it Measidingine is%fo?:z‘&%@é]ﬂt, besopié phrtedaaRl of chddlge of isotopic content, or

Hel | erstein etal. (1992), supra. .
isotopic pattern of isotopicaily labeled Bile Acids

Isotopic enrichment of the isolated bile acids is then determined from both the

' administered HDL particles and the administered bile acids, and compared to the isotopic content
of the HDL particles and bile acids prior 'to‘ administration. The contrbution from HDL '
cholesterol to bile acids and the dilution (total flux) of bile acids to labeled cholesterol in bile by
unlabeled cholesterol is calculated. In this manner, the rate of the second arm of RCT (HDic to

bile acids; Figure 1) can be calculated.

19



The rate of dilution is then used to determ ne the

mol ecul ar flux rate of tissue cholesterol into HDL,
whi ch corresponds to the first armof RCT. The rate of
di lution of plasma chol esterol may be determ ned
directly by subtracting the rate of infusion of

unl abel ed chol esterol fromthe rate of infusion of
| abel ed chol esterol. DilutionRate.
~Tnfusi onRat e( 1 abel edChol esteral)

| nf usi pnRatgtiabg g?@gdﬁv@ LRSUBI PN} Mass Isotopomer Abundances
Eni i cl unent (Label edChol esterol) 17 Il. Determ ning
the nol ecular flux rate of the second arm of reverse

c hifleasyrast s speatabprak hefghis er aliorativglys (s prss phdesilet praks, may be
expn &f&tmuéﬂﬁw%ﬁﬁg gﬁre tgt\f’z Ldéé%? léo gj 15&6 &Hell Qe 1*3' Ewgltcciated that any

etermning the rate 1St rever
calcldtm:lnemtaes ehidhpaoggerdativemdd ab&ohrteivaje@seﬁomhmahgndahewﬁi@toxiomeﬁ ‘

i S 02 SS9 AR S v

determ ne the rate of the second armof RCT, the rate
of the 1irstCaleitutihy RéBelédBUnldbtled Riapettiasofdeéseciltas) mterest
above The rate of the second armof reverse

 beftsponstppF RPERThd e dRolignE Bl s el The
pracﬁtiﬂi@} Bt BlrbrtninG Hse8 eQbesRioBr 1ARE ﬁﬁ* iSalhted isordpohRe species of a - -

bile acids are admnistered to the living systemin a :
moleslen dhe Breptitienen thep cappetse meatet inferpalarisn phexqeap@fiopio the

: theo{eﬁgal S 9\ hltﬂeolrf'lgﬁi Ir%gtl eiidlcaPBs Ez%lfdl:?wd uélﬁgﬁt%m:ﬁﬁﬁay or

estero sot opl ca | abel &d
mmmqmtzéslimwthp rrdeiumsbrps maﬂ@cub@i inBS. Iﬁ!@fmtaﬂq ot 8,338,686, 5,910,403,

e 1soto Iabel |Ie
s LS s oo P BB i R e rae B R efptations
may liriheleddhskiDotgpdiidr Cigribirtiol Apilystd (MIDIAQb 8lagidtions of Mass Isotopomer

choJeste (o] i.sot opi cal el eq. chol gstero
rden dvapas@aba pbi-fl araimaye fisperating it phdiferen

sourée?._kﬁ?&@i&kﬁ{i SRt b ari. IMeRBetBHETs fththed HQCIISB&:I &ﬁ%ﬂ&'s&m and
content, isotopic pattern, rate of chanc?e of |soto

- NeessdIB¥hias weil asi@ankspi et 2b §1996). nnd Keligher pad Magiersgn |(l‘,9 2) andU 5.
o ‘Pateﬁelfpplf neli_h el()'/?lb 54| aei 01; Wi £r%&ngre,8% r.r%gﬁn\é?z[et%d {558 35 Bn meu

erol’ "to ’ol acl ds
entirelgt erm ne the rate of second arm of reverse :
' ch | e Ierol transport n the living system ther ' _
tigR e oY PP APy e ] PR e method

: is pubﬁclgr RGuilable from Professor Marc Hellerstein, University of California, Berkeley.
| The comparison of excess molar ratios to the theoretical péttems can be carried out using -
a table generated for a molecule of interest, or graphically, using determined relationships. From
these comparisons, a value, such as the value p, is determiﬁed, which describes the probability of - -
mass isot()pic enrichment of a subunit in a precursor subunit pool. .This_ enrichment is then used
to.determine a value, such as the value Ax , 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.

. Practional abundances are then calculated. Fractional abundances of individual isotopes

(for el¢ment§)' or mass isotopomers (for molecules) are the fraction of the total abundance
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l'iving system Suitable isotopically |abeled bile acids

i ncl ude cholic acid, chenodeoxycholic acid,

deoxychol i c acid, and |ithocholic acid. The preferred

| abel ed bile acids are cholic acid and

chenodeoxycholic acid- |Isotopes that may be used for

| abeling the bile acids include, but are not I|imted

to, 2H, 3H, 13C, 14C, or 180. The bile acids that are

adm ni stered are |labeled with an different isotope
reprdsedied by thatpdriealar isolbpq)m madsabotopsaetr! FhisabhdibtmguisheDizom relative

_ hol est er ol sterol precurso tively, .
abundfre e gt BesEPanan Speireu EHet (16 velihe OF B i afhtspeoies are
nonﬂah%ed teldkive ERI0ERRkPlesscas %@ﬂieﬁ&%ﬁh@é aln@&iteS Por Diass isotopomer

the bile acids are | abeled in a manner that is
ﬁémdlStlthlshable fromthe -manner used to | abel the 18

chol esterol or chol esterol precursor (e.g different

ti mes, pul se, stopping vs, c and ot her .

di Btdctiguilshelslascé eftres x\ﬁem Where Ok ilit thg range of

in the art). The isotopical Ab@&ghggMblle aci ds may

be adm ni stered sinultaneouglyy with, of separately

from the isotopically |abel ed HDL partlcles
nomingbmagsesrelatiye futhe lesdesé mase i) wass isstopomep inowhich pbyndances ocour.

Iabeled chol est erol precursors The isotopically

ad nrn in a suitable
cap vl Siuiid iRl ST Mo ope
concentratlon (to yield a certaln specific activity).
Suitable carrfiers |nclude‘$a1(ne sol utiony

triglyceride| si,ons djintralipids., lisotope
cofigont gt _Egﬁﬂéﬂﬁfﬁzua

n the

‘purpoée CEJ%]&” rcigu\gl _q At?ngg ras
nalntenance YT 6 [Lg; i abéred HDL
particles, la §e) ed chol est’érol’or | abel ed”?chol est er ol
precursors, and isotopically |abeled bile acids are

adhere Shigicapt J Rfer@tobbithédidb rdférf® baselirei of nefikal bBundance.
. achi eve steady-state levels in the nol ecul es of

' rnterest The admi nj stration of ed b|Ie |ds to
" suby wdedo dptgypiae &f‘afillﬁcyoap st%%%@ e ey negrly Synthesized
g dumié"at PRATEY Jr&ﬁrsbmeﬁhg&aﬁén, DG BREQM Soss rrmarra’mrﬁg#@rm compared

i ntraperitonea njgction. The bile acid
to th@ mlamlm@dl encighghenh @alu@ dbopivhich drsceibes the seridmient plnawdy aynthes ized

h
blopglgm%gscﬁogéalcgr%%s s%Io Hl%%é?/% egllqﬂ ﬁg{oggrﬂgr e!x%%s% Sr%ﬁo %ﬁ%ﬂgﬂ@ould be
- expebd to bhplessit,6f 41l 1soabsmers wére aewblhghthesitidl e acid i s
_ adm nistered in conjunction with | abeled HDL to the

S UE’J %%séulating the Molecular Flux Rate of Converting HDL Cholesterol to Bile Acid

The nicthod of determining rate of synthesis includes calculating the proportion of mass
' -isotopically Jabeled subunit 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 subunit. This expected frequency is then compared to the actual,
.expeiimentally determined isotopox.ﬁer frequency of the molecule of interest. From these values, ‘

" the proportion of the molecule of interest which is synthesized from added isotopically labeled -
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| abel ed chol esterol is obtained fromthe bile acids in
t he bi ol ogi cal sanple by techniques well known in the
art. As described herein, the isotopic |abel of the
admi nistered bile acid is distinguishable fromthat
of the adm nistered HDL. D. Measuring the isotopic
content, isotopic pattern, rate of change of isotopic
content, or- isotopic pattern of isotopically |abeled
Bile Acids Isotopic enrichnent of the isolated bile
precﬁk@bﬁ%luhﬁ 5 BQe:tdEhesipbAeEn peAsd ALt deb@miRdMTRLS ttﬁé Rk of synthesis
artlcles and the adm nistered bile acids, and
du“%?ﬂﬁﬁﬂé@%@“?ﬁ@ glagdobprminedbnt ent  of the HDL particles
and bile acids prior to adm nistration. The
cont I :
et R ORlahonig iy This gt o dofrfieic fiCentage of
label@tl bile atid froin the isotdpécably 1ahnﬁ¢<b)ﬁ§[edobpmhlé§s tabeled cholesterol, or

1sot0§?c|a&éa 1ﬁ%ﬁ@l§%emﬁrre%nl%§%e (r:}:gor e(‘é)[l tgl?oi@ flaéatg e% i‘x% oﬁdthe isotopic
enndhﬁidﬁtﬂs&bﬁ@ar%@ toTasyMp&:&iH (.89 nfAeinad] ipe&itde)cenfibhmbnttadd Mitesic parameters
- | sot.oponer _Abun ces Measured mass spectral peak
€-2-HOmiFeis rate) axq fmprequRRoT-RFRAYEt cRatRns e festiaual synthesis
rate (YmPELEIRERSFADAPplyALE 82 oANRISs fBElIRA ?Fé&{lrs(nl foduct fomlula
. mass 1sotope) isotoponmer. It is appreciate any
cal cul ati on neans which provide relative and absol ute
val ues for tlae [abihdiees of isotoponers in a sanple
nay be used in describing such data, for the purposes

be Pr83&Hnal s?'iﬁﬁﬁ&lb Qroduct %&ﬁleﬁyhé}ﬁlpmeﬂr%sodennchment

Unlabeled Propor ion of ‘Mol ecul es of | nferest

Pr 9RO T 0hn@fs fia@@leidﬂﬁnﬁﬁgué&%@&ﬁla@%g‘ﬂ BEMsBn &Edlei
“interest Is then calculated The practitioner first
det erm nes neasured excess nolar ratios for isolated

i sberdpe ﬁ@?or@pwwé%beémg anethes], &apie of Ypaling im spfope Gdehment is
celo 88 o SPE TR FERANIAEL bt i loRch B e RUARIEL o exponcatial
- decapattaions Bealdoemoatecehsiheatd (hﬁ iy bt kalctlated agdd wxan exponential or
th |tl nial di stribution rel ationshi ps as described in
ote Bhi%'Nos. 5, 338, 686, 5,910,403, and
6,010,846, whi ch are hereby incorporated by reference
in their entiy=gtinf)ihe cal cul ations may include Mass®
| sot oponer Distribution Analysis (NIDA) Vari ati ons of

co i SRR ik Liseiop e el il e by et el ptions kaown

lnthgblftgw%tforgﬂlﬁfﬂ@%é<MIﬁ ecfiﬁﬁo&k' '] ed in the art.
: The nethod is further di scussed by Hell erstein and

DilutionRate = InfusionRate(labeledbiledcid) In_ﬁmonRate(LabeIedeleAczd)
Enrzckment(LabeledeleAczd)

A

_ The rate of the second arm of RCT may be calculated by multiplying the percent ofbile
acid from cholesterol with the dilution rate in the living system according to equations known in

“the att, such as, for example, the following equation:

RateofSecondArm = % BilefromCholesterol ® RateofBileTurnover .
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Neese (1999), as well as Chinkes, et al. (1996), and
Kel | eher and Masterson (1992), and U. S. Patent
Application No. 10/279,399, all of which are hereby

i ncorporated by reference in their entirety. In

dddi tion“to the above-cited references, calculation
software inplenenting the nethod is publicly
avai l abl e from Professor Marc Hell erstein, University
of California, Berkeley. The conparison of excess
MOl of BeteBfinti thORatctiTWeStis6 @hoRaletd? ToisSA(HIET)
carried out using a table generated for a nolecul e of

interest, or graphically, det er m ned
r el hamehed o5 4ic RrpssRT 10 Reien re@h%aweééwsa vaglely AHPIPASER. P rimarily,

the n@ﬁmtdg @re\iéled‘ﬁ‘) d?:terﬁlﬁlqué #1148 Jresk ﬁf@hhﬁke&ﬁﬂ%@ R ﬁlled subject. In
probability of nmass 1 sotopi c enrichnment of a subuni
tum, ihe ratep ey begswd to asresd the plett of Thiigusdaetprs lemaiiterdgeneditn
used to.determ ne a value, such as the val ue Axt,
i [
G0 BRE R SRR Bl AU OB of g
ageni sotthgrosubsrogisc c@ﬁer aﬂanmsteMg dtw dmg;algeﬁt e stubpet; tlmctatemfkthe first arm

or th{eZ 38 ik CL i e hBee e A R 0B ey o ik g aggmt wit be

compRARSdN dmﬁﬁje@fmw&ﬂ majalﬁad halvs @ieRRSlerdsls O ITHR eEBIfShe Sdndidate drug
mass i sotoponers (for nolecul es) are the fraction of

agent; Wbl hegletqrmusd hy Shrcdaper (cehriBsentceticnspst KhPo Jiffarsncg) Hythe rate
§
meas R AR B 122 30k ANARDABE the Bl el HEidrEMANFy bE Ao
phanigcegtisad agdnher deakyabar@bleimatidinplegtiedhat tyrapatdg ofaffecting the first
andjonormallzed R tive to 100 and expressed as percent
: ngxP|V8“gE ance. For a nmss isotoponer M,
- Abundance M Fractional abundance of Mk = Ax = Abun ,
wHaraaofiet wuriation, shd ihethpdsugey bé usedAb assdsribedffect bf Qietary modification

on a RS RE b daiSd bBE: R RO R R R Shange (o5,

increARUACEARISE of B HiffekdiRE)Hn tRE ratkest ﬁki idJor second afm &f RCT determined
.~ Abundance M. |_| Abundance M
‘before and after dietary modification.

In a further variation, the invention provides kits for performing the methods of the
invention. The kits may be formed to include such components as labeled HDL particles,
" labeled cholesterol, labeled bile acids, or a combination thereof, in varying isotope
concentrations and as premeasured volumes. Furthermore, the kit preferably will be packaged :
with instructions for use of the kit components and with mstmctjc_ms on how to calculate

| . cholesterol dilutions.

~ ‘Other lat-components, such as tools for administration of the -labf.zled HDL, particles,
-Iabeled cholesterol, of labeiéd bile acids (e.g., measuring cup, needles, syringes, pipettes, IV
tu]jing), maj optiohally be provided in the kit. Similarly, instﬁxincnts for .cﬂ)-t_aining samples from
| the subject {e.g., specimen cups, needles, syringes) may also be optionally provided.

The following example is provided to show that the method of the invention may be used

" to determine reverse cholesterol transporf. Those skilled in the art will recoguize that while

23



(AMds)e _ (Al)b =l n -1 n (> Abundance MJ 1 EAbundance

kfj e ,= b where subscript e refers to enriched and b

refers to baseline or natural abundance. In order to

determ ne the fraction of the nolecules that were

actually newy synthesized during a period of

precursor adm nistration, the neasured excess nol ar

ratio (EMK) is conpared to the calcul ated enrichnent

val ue, Ax*, which describes the enrichnent of newy
specisiy RidYO itk hakk BRAiNRfated Hd RG IBRSy 4ré ALGRRABE] tollRnit the

reveal the isotoponer excess ratio which would be
inveidliopBect ed to be present, if all isotopomers were new y

synthesized. E. Calculating the Ml ecular Flux Rate of

Converting HDL Cholesterol .to Bile Acid The nmethod of

determ ning rate of synthesis includes calculating the

proportion of mass. isotopically |abeled subunit

present in the,noleculari%ﬁékﬁﬁéﬁ& pool , and using

this proportion to calculate an expected. frequency

of a nolecule of interestgg ning at least one mass

i sot opixgaldVen y

51 hof Rhlebrl A e %@@%ﬁfﬁffo i By W%HHG?WQP

d I, SOt opaner nmol ecu

g2 SRR T L PTG B ?JS‘B&PF?‘%‘W‘%‘T“‘ Figiving au
animatohedul saclods d fat @bes! hvwhiioh catﬁeﬁtéﬁtélﬁﬁgﬂ:ﬁlir ﬁli&@lﬂﬂﬁgdgular vein of

|caII L@beled 21 precursors_during a selected

rats WGBSR I He L e o6 B S ot Ao Bus 1A B A g B-Ci-

acetaffis ﬁW&h @ﬁﬁivﬁed b ebhdht TWGHRSioh 'mefzt-ﬂﬁ}E?clﬁhés@eml cr) Blood
determ ned. A precursor-product relationship may t

samplgs aggppiithisell after d dpursnd ef sasdfipe 24 bonralptero it Sacmiéb,efdces are also
collefibd © acid fromthe isotopically |abeled HDL,

| sot opi cal |y | abel ed chol esterol, or |sotop|cally

| abel ed chol esterol precursor. For the continuous

| dBmiléstayolrfiean bigod atmbfdcslmawlﬁs is tham Phthimedit In @ik sapple et

L bl e richmen n
chole&i%mél\?y gg%gtrg%g%ed tg its Tﬁ% denvsa)}&? %12 ?‘g"#"é@ rg%sggpetuctr%m%hy The
rate of dleCfirlsartrh it @meRholRHEEDEyh@HIS taleguadi.ons. The

fractional synthesis rate (lc) may be deternined by
appl yi ng the conti nuous Igbelln% precur sor - product
formula: 14 =1 In(l-f)]/ e f=fracti onal
synthesi s = product enrichnment/asynptotic

- precurso M&z@ﬁﬁi@%@#e Cholesterol Transport in a Murine Model

Figure 2 shows an experimental protocol that is used in an experiment involving an .
animai fnodel such as a rat model. Infusion catheters are surgicaily placed in the jugular vein of
rats which are then allovred to recover for 24 hours. An IV bolus of [H4}-BA and [1-'3C1]~ |
* acetate is given followed by constant IV infusion of HDL-{* H(;;]C-E {cholesterol ester) Blood
samples are obtained after 2 hours and at sacrifice 24 hours later. At sacrifice, feces are also.
collected,

Cholesterol from blood and fecal samples is then obtained. In each sample, the
cholesterol is then derivatized to its TMS derivative and measured by mass spectromefry. The

bile acid is also 'obtained, derivatized, and measured By mass spectromi;try. The rate of the first
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and t = time of |label adm nistration of contacting in
the system studi ed. - For the discontinuous | abeling

net hod, the rate of decline in isotope enrichnment is
cal cul ated and the kinetic paranmeters of the nol ecules
of interest are calculated from exponential decay
equations. Breakdown rate constants (kd) may be

cal cul at ed based on an exponential or other kinetic
decay curve: kd = [-In f]/t. The dilution rate of

arm bBRNVERE CRdIEYerbaRRLRA RichRuRRH baliolBe Sidf1&ral Beasliement. The rate

equations known in the art such as, for example, the
of thegkegapdiansg of taverse ekplestirplis p@lplglmgié)ﬂsed on the bile acid measurement:

I nf g‘?ggﬁ%%%g %{tad@%{lcﬁ)g% %)F%%'J%}ed to the public any unclaimed subject matter.

Enrlchnent(LabeIedBlIeAC|d) The rate of the second
ann of RCT may be cal cul ated by nultiplying the
percent of bile acid fromcholesterol with the
dilution rate in the living systemaccording to
equations known in the art, such as, for exanple, the
followi ng equation: RateofSecond Ar in =

oBi | efrontChol esterol (r) RateofBile Tur hover . 22
Uses of Determ ning the Rate of Reverse Chol estero
Transport (RCT) - The nmethods of the present invention
may be used for a variety of purposes. Prinmarilty, the
met hods are used to determine the rates of the first
and second arns RCT in a subject In turn, the rates
may be used to. assess the effect of various factors on
at herogenesi s. For exanple, in one variation, the

nmet hods may be used to assess the effect of a drug
agent on atherosclerosis. After adm nistering the drug
agent to a subject, the rate of the first arm or the
second arm RCT in the subject before and after

adm ni stration of -the drug agent will be conpared.
The subject may or may not have atherosclerosis. The
effect of the candidate drug agent wll be determ ned
by the change (e.g., increase, decrease, or no -
difference) in the rate neasured before and after

adm nistration of the drug agent The drug agent may be
a known pharnaceutlcal agent or deoxyri bonucleic acid
nol ecul e that is capahle of affectlng the first

and/ or second arnlof RCT :
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In anot her variation, the nethods may be used to
assess the effect of dietary nodification on
atherosclerosis. Simlar to, that described above, the
effect is determ ned by the change.(e.g., increase,
decrease, or no difference) in the rate of first
and/ or second arm of RCT determ ned before and after
dietary nodi fication. In a further variation, the
Q{th provides |lots for performng the nethods of

the |nvent|on The kits may be forned to include such
| abel ed

I I
by S8 B8 S b @by Hs ro oh ol At oBeverse choleterol

tramtphﬁtrxﬁ afhvmgwsyswmhuﬁ%@&ﬁadxﬁﬁﬁ%w Bﬁibﬂﬂérqukﬂ Iglngl labeled high
repeasur.ed vol unmes. Furthernore, It prete J
dense%y |I}POB@%&&I(IE@waﬂxfaiqsmspwﬂﬂlbxﬂahﬂ@ ¢hotesigsd odletrties, ki isotopically

1dmﬁﬁﬁﬁgg§ggp Qgﬁﬁégﬁdﬂ$§§ é&$®ﬁ%ﬁ gﬁ% _Scalculate

cholestero ut’i ons such as

[ of t he | ab DL pa
EJ %e&ﬂghgﬁgé?e%% e% 18 gc b a‘,nblll'g 8g Egng(ee f;llsotoplc content, or
reaplicimef el lllsotapﬂmﬁjv mleﬂmhﬁg@ﬁ)l bl pRildsaf ,pll(d&na HDL obtained from

Do MR optionally be provided in the kit
said vW#F%%? gnstrunents for obtaining sanples from the
ec e speci.men cups, needles, syrin
A “E%m% olbP gt Py SHRERR aEdne ?ﬂlﬁ’éom%ﬂlllyombﬁgd Shalpr olecules by
endo éxﬁa‘tﬁb Q@I&b&l@d hewsttBplo BREmTIRE BROS of ﬁn%oifrgt%’ S0t LPRvIRY cholesterol

e used to determ ne reverse chglester ransport.
transpprpiiethg kivingspstetin the art will recogni ze that mhlle 23

speci fi c enbodi ments have been illustrated and

deb e Bedirotnethodpt defomiiimgehelede 6 thd sdcdbnd len of reverse cholesterol

e k sramm of Rever
transhgly 6l 19fhe %‘ﬁps’h‘l ﬁr%na%ﬂﬂﬂhﬁ% X3 ‘F?fédﬁ‘&"l?cguy labeled bile -
amdss whersimthe onp @i inra ilopivally 0sled Bigd adigs Hél%cﬁdﬁuﬁﬁtered it a different
ﬁgﬁhg%ﬁé JﬂVO&VIn an aninmal nodel, such as a
HoE Haters of sid pre oo iseiprisallylabgledligh dﬁlSttM dipoprotein
(Hmn,)qwﬂuaés, \i:ﬁitdbl&ﬁl%/ ERI&! ml&tbr&lfﬁofeaﬂgs 1N Agw &n§r igbeled cholesterol
ours ﬁ d

recover, for 24 bolus o
“precyfiors) gothe iseiera Iabeé of gaué isptopicaly labwbad l:nip acigin $¢ differehdthan the isotope

Jabel | 040 est r Bl o
abel s{gfrr%ﬁ gs{ghaer ér obtai n(hlgél ?lg'eﬁzﬁ)gpeﬁoﬁ ?{ﬁetéth REVFP| @gD bhy pm‘CIGS’-
'180t0mm3b/§ab®¢€b¥h0héter(ﬁ amldchicsar ﬁoﬁqﬁeﬂl@'ﬂﬂae@&ﬁ@mlegt@ml precursors;
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col l ected. Cholesterol from blood and fecal sanples is
then obtained. In each sanple, the cholesterol is
then derivatized to its TMS derivative and neasured by
mass spectronetry. The rate of the first arm of
reverse chol esterol synthesis is calculated. . Exanple
2 Measuring Reverse Chol esterol Transport in a Miurinte
Model Figure 2 shows an experinental protocol that is
us i experinent involving an ani mal nodel, such
as%ger}lgpg?r%o n.mqgﬁﬁgfe SnOf(t)at heters are surgically

! s ol Bt S S H SRR 05 o i

[2114] -BA and [1-13Cl]- acetate is given followed by .
GO REFAE, GOORE i oo RBE. P’ﬂ%}’dﬁ% PE bR 8 Gotoplc content, or

isotdpid Pitern BF R bne 2 MIre bil8bEdS BbRINRE Frodl t84 Hi4indAYEEmARM calculating
at sacrifice 24 hours later. At sacrifice, fecés are

the rgpleeplarcfhy raterof gonerigsdbe ehalpsterpbim thasewd iRk o bideaid to determine the
. eS| en i | L SETBLE, ol
rate éﬁ%lggg'?g&rlo Pgl%y ﬂg%a{é)gbr% %T/Cgtt{ag%% 0 tls Igf\fé %gnr‘i vative
an : _ e Ahe: pllkesachd s o, o
o1 PRERMIEY P4 R CAT g T e ST ot i
seledgbiomche gropp cindsting tof ciadlict ded, themide @4 choliv 2fd, demeichdic acid, and
'1"th cﬂ(gl esterol transport is cal cul ated based on the
T0EMYICt%r ol neasurenent. The rate of the second arm

of .reverse chaolesterol is calculated based on the bile L.
ac il e mthod il faim prieentsad eRreomPTeatslpisAbtiabpled bile acids is
cholid@@digcated to the public any unclai med subject matter.
: 25 CLAIM 1. An in vitro nethod for determning the

ra§ eTRs nfchfdl 4 QhinP D MRLrerEME! S&ofd PIbES bE R cér%r S"RBRY fsotopically

in aliving systemwhich has been adm nistered one or

“labelag e peids is AL 1C, ['8bert '€@. hi gh  density | i poprotein
- (HDL) particles, isotopically |abeled_chol esterol
 mob-Slhgimethodef dlamtSophemid the isotdpe labw iSKHI est er ol
precursors, said nmethod conprising the steps of:. ‘
. measiir megthed of dpinc | ,ceirreintsaidi IsmOpisenphisttern admafigered said one or

- | .. change .of i sofQpiCc content, or isotopic pattern of
. 'momtlﬁ%oﬁg%}?yolﬁ%%%cf ﬁg_@ﬁpgf}%reéd chol esterol nol ecul es in
Pl QSﬁ% ggt&iog gi‘ %ia.lnn? dl, ];Vliigrrcr:}n the one or more isotopically labeled HDL _particli:s’

. were formed ex vivo.

9. The method of claim 1, Where_in.~the one or more 'isotﬁpicaliy labeled HDL particles

f’h’a‘-‘{r‘é been administered by infusion.

-10. '_i‘zhe me'thdd of claim 1, wherein the living system is a human.
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said living systemand calculating the rate of
dilution of the isotopically |abeled chol esterol.

nol ecul es by endogenous unl abel ed chol esterol to
determne the rate of the first armof reverse

chol esterol transport in the living system 2. An in
vitro nethod of determining the rate of the second arm
of reverse cholesterol transport in a living system

whi. as _been_.adm ni stered one or nore isotopically.
o T BeRaT or A Ik e B e s i
isotopically |abeled bile acids were admnistered in a
different manner than the | abeling pattern of said

one_or, nmore isotqpically | abel ed high density

1 B3P TBE B1hod P b Feras e tsupRiaPged dhlrserol molecules are
choleltedoesdi@k 0l nol ecul es, or isotopically | abeled _

chol esterol precursors, or the isotope |abel of said

isotopically labeled bile acids is different than the

i sotope |abel of said one or nore isotopically

| ahsl g4, I?ﬁ%bcf g{:gaierg fé L\g?e%iﬁttﬁl: :%I%DEP@ID?,?SST (l_)lgz%ﬁéd from a biological

i sot opi cal estero ecu
samplsotioged fomythé giveh ednsittimpef bleod) urpreefeoess andsa &Gnbihgtion thereof.
met hod conprising the steps of: determning the rate
of the first armreverse chol esterol transport
according to claim1; neasuring isotopic content,
| s@¢OoThempthbd ef dlaimn dt \el]}@&lhl chaiRgepif confat, g:_ﬂdit@pi@ p%mt rate of change
_~-0r .isotopic pattern of t one or re bile acids
of IS9P § rGribapig PRt Y 'ﬁ?/ Shalsterntimelerdes & ahgymiggdchy a method
seledted GFd#h ahe f cahEstRb & b chalis ' —
: _pl asma HDL%ﬁ?%ﬂW e ac?d ?g¥§%%£€%$%§ﬁ?ﬁe ra?gkg?m%ﬁ% and liquid
scingllationgowitipgof reverse chol esterol transport in the
’ living system 3. The nethod of claim2,. wherein said
-one or nore isotopically |abeled bile acids are
-sel ected fromthe group consisting of cholic acid,
ché&hofie dayitronicthod cofcssegsing ah offeat cfei diug aagent on atherosclerosis in a

T AT I T

‘one or nore 1so
chgl,ic .aci rein the

DT ret hod of claim2. W C 1ice _
oo ing fig ot e B %6 oF ey B o BBl By ore il i ging system
accohlihgtodthé fhthiofl of tlaind Hbefodandlatier almik®ratibn off &l SRz AQELt,

of claim5, wherein the isotope |label is 2H. .
wherein an effect of said drug agent on atherosclerosis is identified by a difference in the

rate of the first arm of reverse cholesterol transport before and after administration of said drug

'ggé-n_t'to ﬂl@ fiving system.
16. The method of claim 15, wherein the drug agent is a known pharmaceutical agent.

17 The method of claim 15, wherein the drug-agent is a deoxyribonucleotide molecule.
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7, The nmethod of claim1l1l, wherein said. living system
has been adm ni stered said one or nore isotopically

| abel ed HDL particles. S. The method of claim?7,
wherein the one or nore isotopically | abel ed HDL
particles were formed ex viva. 9. The nmethod of claim
1, wherein the one or nore isotopically | abel ed HDL
particles have been adm nistered by infusion. 10. The

met hod of claim.1, wherein the living systemis a
hurtth An g mofiid afaptssting fhecept ot g apdiligatien on atherosclerosis

in d BihdGs i ‘ il i iy
v\,herg]ei@nﬁ’%ﬁﬁfgﬁims1 (})1‘;53 o%eggﬁﬁyg/&?datb%gﬁagd&%h I e(;sl?g?aglgn’cr#o&fae% %%Comp nsing
thegtepof chol esterol esters. 13. The nmethod of claim i,
wherein the plasma HDL is obtained froma biologica
sanjstemighe ttegdtefafdhe fitse amm ofipvensa shaltstergl winspéro bdthe living system

i ec a a Thi nat | an t her eof . . .The 1 g
oy thEon A7 Safin SRR Bl s PR e inige Sstem to said dietary
modifioitip] ¢ pattern, rate of change of isotopic content,

or isotopic pattern of the chol esterol nolecules is
detigigitinesh bffe@ STESNDOdiets9! @6diE6ation0BA AR @GERHRIs is identified by a
.consisting of nass spectroscopy, NWVR spectroscopy, and
differeqer ig the i the it awm eligrersaigiolesterolAranspprihefore apdafigyaid dietary
modificAsacessi ng the effect of a drug agent on _
atherosclerosis in a living system which has been
adm ni stered said drug agent, the nethod conprising
the step of determning the rate of the first arm of
Crevr se oty ot _in sali I ving system.. . .
e oS 10, B3k e hER U et el Bl ShaB T BEH ving system,
comglisingi strati on of said drug agent, wherein an effect
of said drug agent on atherosclerosis is identified by
a di fdrer enemrt fsdifygealiyatabele® fHDNheparfitles tisqtbpically 1abeled cholesterol

__reyerse chol e rol. transport before and after . .
mol S REPHAE Fogr ST RSe<uaen O SpPOD LY abphil acids; and

system 16. The nethod. of claim15, wherein the drug
agShinspructions fonx eBﬁ@Fﬂﬁceutical agent. 17. The net hod
of c¢laim 15, wherein the drug-agent is a

de JhFFSin Bis destRgtions dnchuiestaps ghat dpept a user to:
(i) measure isotopic content, isotopic paitern, rate of change of isotopic content, or

i__sotopi.c pattern of the isotopically labeled cholesterol ‘mol-eculcs in p‘lé'jsma HDI obtained from a

- living system which has been administered said one or-more isotopically labeled HDL particles,

';_'iso.topically labeled cholesterol molecules, or isotopically labeled chelesterol precursors, and

calculate the rate of dilution of the isotopically labeled cholesterol molecules by endogenous

" -uplabeled cholesterol to determine the rate of the first-arm of reverse cholesterol transport in said

| livifig system; or
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18. An in vitro nethod of assessing the effect of
dietary nodification on atherosclerosis in a |iving
syst em whi ch has been subjected to said dietary

nodi fication, said nmethod conprising the step of
determining the rate of the first armof reverse

chol esterol transport in the living system according
to the method of claim 1l before and after subjecting

Sald l'iving stemto said dietary nodification,
whéePigasise éﬁ’ QPG coptenta iK% PRYSTLNEY £f chnesroioigotopic content, or

isot6HiO BARFE bLLRPIR drimbrd it B9 18061 bifll dci R BRERAl fonk Qﬁvmg system
rate of the first armof ‘revérse chol esterol transport
that s been adrdinistered sajdjahediraneneyisotapidaliy tadeked hile 1gids angdj qalculate the
moi%c%ar ‘iiﬁl;( ?{ltc OP éor}l%r:}txlﬁg rea(t,h(?)let:;f:c)erol 5% leasﬂsag I—ﬁf}? loeb fe)ac{%f fo determme the rate
anspor 56 npri si
of tlmemnd%hoﬁ‘ Ira&kde)chbhhe}ce cradriportyia the mm@systeﬁthﬂﬁr&tﬁkd@ one or more

. hal.est e nol ecul es, jsotopically | abe
Isof iﬂﬁgﬁiﬂﬁ%’i bl%ﬁé&%ﬂ%b%ﬁﬂ HmIpISSrghioSq Ying Befeuy i fiferent manner
thandhé BhbelimyYhtdn dMaid difelor Mbte f&fopi’c%ﬁ%( belddhig aensiﬂ?‘ﬁ{)ﬁ:jr&ein (HDL)

the instructions include steps that direct user

particles, rdecdepiealyi deelydi chelseroht mOlegule@puoe patopisally lebeled cholesterol
h
pmcg{s lt%h%r}%g g?%npllageg%cfmtﬁ a% %B[ogvn tlzﬁ)ef ér&)t%a% tﬁ@fs&ﬁh@ iabel of said

r nol ecu
one pi‘ asme 1ddfdp1<1aﬂy dabrekd lilglm demsityl llpﬂprtgelﬂ)(ﬁﬂﬂm pakticlds, isatopically labeled

tered r. nor ot opi cal
choiﬁ%g} ¢S GEfspropiealy labﬁlg@fﬁ?;‘ﬁ%apfefeg P
: ot opj cal | y | abel

ié%fgﬁrng}w @E@%@fgﬁg ﬁ'&f seeapd A r?‘f?éserciplgsts@ transport in. the

hvm%IS?, gmgecd;ﬁmg&g( SRt@pasRL! y | abel ed chol esterol
ecul es by endogenous wunl abel ed chol esterol to

determne the rate of the first arm of reverse

chol esterol transport in said living system or 29
(i b, 'ﬁﬁ@iﬂrcﬁ‘ el 99 fur®NLER {msdlg AL 3B haP 3 t&IaBle 51af)<§ing used for
of change of Isotopic conten I sotopic pattern

mﬁnmam@n@mef%ndu@mpmﬂéphbﬁwtHtﬂmxuaﬂah@dahﬂuﬁmhawds
obtained froma living system that has been
adm ni stered said one or nore isotopically |abeled
bile acids and cal cul ate the nolecular flux rate of
copl é!ﬂtmkulg;ftctmndﬁoﬁmmeu'mipnsmgmnaﬁstmm@t thatiskwapablaaf ting used for

collecgon 0% aef;lgloglcaf samplie %rom the living system.

22. An isolated drug agent that is capable of being 1dent1ﬁed by the methed of claim 15

for havmg an effect on atherosclerosis.
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of the second arm of reverse cholesterol transport in
the living system wherein -said one or nore

i sotopically | abeled bile acids has been adm ni stered
to said living systemin a different manner than the
| abel ing pattern of said one or nore isotopically

| abel ed high density |ipoprotein (HDL) particles,

i sotopically | abel ed chol esterol nol ecul es, or

i sotopically | abel ed chol esterol precursors, or has

been | abel ed with an isotope | abel that is different

(AP TPk, B33 G254 SepBb eyt ol 1

for hiddhd b€ LSt oh 8@ERRAIEALLY | abel ed chol ester ol
nol ecul es, or isotopically |abeled chol estero

precursors; or (iii) deternmne the rates of the first
and second arns of reverse chol esterol transport in
{081, Usk o Ay et ARE Qfafl bkt i i
SO Lisk b e aln%ﬁ gfaﬂ#l e e(r)i(éé Qgﬁ%i?%giédrﬁ gf%ra@éﬁﬂﬁg atherosclerosis,
wherginzgaid drugggany @Sdﬁeebedfmgﬁaéw the metladnonélsinr 48 ito hawf an effect on

oGP G AR e

conpri sing an instrunent that i s capabl e of being used
for <collection of a biological sanple fromthe living

U5 R U SRR e 5 SPBEHG g v

choledtRro? tfaB§iortaB calBRS SFueh @ed $o 1d2AALy2Be effediofh @Y agent according to
nodi fication that is capable of being identified %J

claim Feon o idraliNoihe efiastof agictargmagheatign secosding trclaim 18 for treatment of
athercRgs@scl erosis. 24. Use of a drug agent in the
manuf acture of a medi canent for treating
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identified by t he nmet hod of clain115 to have an effect
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manuf acture of a conposition for determning the rate
of the first armof reverse cholesterol transport in
a living system wherein the isotopic content,
i sotopic pattern, rate of change of ,isotopic
content, or isotopic pattern of said isotopically
| abel ed chol esterol nolecules is capable of being
nmeasured in plasma HDL obtained froma living system
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capshi¢ df bedmg cabiubatd. y | abel ed bil e acids is capable of
bei ng nmeasured in one or nore bile acids obtained
froma living systemthat has been adm ni stered said
conposition and wherein the nolecular flux rate of
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cholic acid, chenodeoxycholic acid, deoxycholic acid,
and lithocholic acid. 29. The use of claim 28,
wherein said one or nore isotopically |abeled: bile-
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acid sotopically | abeled bile acids is 2H 3H, 13C, 14C
or 180. 31. The use of claim 30, wherein the isotope
| abel is 2H 32. The use of claim 26, wherein said
l'iving system has been adm ni stered said one or nore
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31. .The use of claim 30, wherein the isotope label is *H.

32. The use of claim 26, wherein said living system has been administered said one or

more isotopically labeled HDL particles.

33. The use of claim 32, wherein the one or more isotopically labeled HDL particles were

formed ex vivo.

34. The use of claim 26, wherein the one or more isotopically labeled HDL particles is

- suitable for administration by infusion.
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:A4' . The use of claim 26, wherein the one or nore
isotopically | abeled HDL particles is suitable for
adm ni stration by infusion. 31 35. The use of claim
26, wherein the living systemis a human. 36. The use
of claim 26, wherein the living systemis a rodent 37.
The use of claim 26, wherein the isotopically |abeled
chol esterol nolecules are cholesterol esters. 38. The
use of claim 26, wherein the plasma HDL i s obtai ned
froma biological sanple selected fromthe group
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admi ni stered said conposition. The use of claim
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39. The use of claim 26, wheiein the isotopic content, isotopic pattern, rate of change of
isotopic content, or isotopic patiem. of the cholesterol molecules is determined by a method
selected from the group consisting of mass spectroscopy, NMR spectroscopy, and liquid

scintillation counting.

40. Use of a drug agent in the manufacture of a composiﬁon for assessing the effect of
said drug agent on atherosclerosis in a living system; wherein the rate of the first arm of reverse
cholesterol transport is capable of being determmed from a living system before and after sald

living system has been adxmmstered said oomposmon
- '41. The use of claim 40, wherein the drug agent is a known pharmaceutical agent.

42. The use of claim 40, wherein the drug agentis a deoxyribonucleotide molecule,
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