METHODS AND REAGENTS FOR THE TREATMENT OF METABOLI CDI SORDERS Background of
the Invention The invention relates to the treatnent, prevention, and
reduct i onwofospal1adsel i ¢ di sorders, such as di abetes and ebeaisbyos/oss7é he

| evel s of bl ood glucose rise postprandially, insulin is secreted and
stimulates cells of the peripheral tissues (skeletal muscles and fat) to
actively take up glucose fromthe blood as a source of energy. Loss of

gl ucose honeostasis as a result of faulty insulin secretion or action
typically results in netabolic disorders such as di abetes, which nay be
co-triggered or further exacMIGRQHMEAT PHREWITH Because these conditions
are often fatal, strategies tQquep&ERCAPICEARKES 0l ucose cl earance fromthe
bl oodstream are required. Al tRough diabetes nay ari se secondary to any
condition that causes extensive danage to the pancreas (e.g., pancreatitis,
tunors, admnistration of certain drRIgiDsuch as corticosteroids or
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There areehggwﬂgior types of diabetes, nanely type 1 diabetes (also known
as insulin penéént di abetes (IDDM) and type 2 di abetes (al so known as

i nsulin independent or non-insulin dependent diabetes (NIDDM ), which share
common | ong-term conplications i BAEKGROUNDNei r di fferent pathogenic
mechani snms. Ty 1 di abetes, which accounfs for approxi ely 10% of al
Caseatlby or i mad pelmalAagemenhls s gaicapbeses e bt Onksense

char act er incedtrigyn liglet ebavensnareasiegtlClooimmponesit polver leveld and poaduci ng bet a
cells of nanc : - e ' 14 d N roducti on
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adni ni st r Expansivelydmnspertnoheataway Gomsfaralectrpaigeganngonantja@nent s

suf f er i ng atdPMdkd iatcsuMslbtth Pyhdrt@pabigy &oaﬁfg%vst@hgrl ife of insulinis a
maj or i npedi nent to the nmaint'enance of” nornogl'ycema. An alternative
treathfent is islet transplantation, but this strategy has been associ at ed
with limted sQopesstiondl ealpipesfletscorbristharel@rfatedséalegeubetiaorti on of
t he populﬁtioQ§ %§g£haracteglzeg bé,a q§£egulakgfn %n Ehe secQﬁtion of
insuli n aRd¥ass 8 M pad adycking SEcturgs (g FRd of e Wbss KRWR @Sit&uI i n, i . e,
i nsul i n r esaparatareis Mbuphkt inteecerEabibyidinadieat genesgdmgampdretrds r enai ns

unc! ear. FReARA Qlhalctyin! bElERnIHAdRS gbliglarhblorirB bndiAbgss [ esul ts
froma collection of nultiple genetic defects”or pol ynorphisns, each

cont r3but FAYSes hediid it B exrpsiratgr i waorkaed Whede ftiie o169d dyaresstrent al
factors, tdHeUSHItBItRTRESE theiHEat pipdl, eéferreBas tdstheondeH8sr, and excess

al cohol consunption. Although various therapeutic treatnents are avail able
for the managenent of type 2 diabetes, they are associated with various
dfebihl itating sIrdme_ecfdremnserﬁhe0aﬂbm@¢tlgidabhdehsesiha@m@leeeklaslvit$ hatelrt_ ?t ri isk
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i ntakkk Sfrem thiefeandgingecteatihgeavappoateneConagquardly, thef heatipipe thermadver se t he
vascul ar qﬁgﬁﬁg i otlg strategies
currentlyﬁgeﬁﬁ?gg?%gggygﬁﬁglnanaggggkgkﬁgﬁbﬁgﬁgﬁﬁﬁﬁgﬁgngﬁ o@??hal, there is
a conpelling need for treatnents that are nore effective and are not
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e present invention features conposition s,..and Ki or

treati ng. BHbORAATIHES GG PYESc Haadory bach SoPEeePOrmIPt Thvent i on is
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obesity, diabetes (e.g.., type.. t 2 di gbet es,
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def i dencdescrifeddgrai, satisfieatlyis oketihei r associ at ed conplications (e.g.,
Syndrone X, diabetic retinopathy, diabetic nephropathy, diabetic

neur opat hy, peripheral vascul ar di sease, hyperlipidem a, hypertension,

at heroscl erosis, and coronary heart




disease). In a first aspect, the invention features a conposition that

i ncludes (a) bezafibrate or an anal og thereof; and (b) diflunisal or an
anal og t hgpeodso1ydsgr ei n the bezafi brate and difluni sal acer@ssnio79 n
anounts that, when adm nistered to a patient, are sufficient to treat,
prevent, or reduce a netabolic disorder (e.g., diabetes or obesity).
Exenpl ary conbi nati ons are bezafibrate and diflunisal; bezafibrate and
bi smut h subsalicyl ate; bezafi brate and ni nosul i de; bezafibrate and
oxaprozin; bezafibrate and dicl of enac; bezafibrate and sundil ac;

bezafi brate and i buprofen; clofibrat SYAMMARY | unisal; clofibrate and

clof  brat 6. and el o e B rae. el Ly atcoand oo™
clofibrate an cl ofenac; clafibrate and sundilac; clofibrate an

bupr of en enERBEsbReACTAHETEAR i TINiR PaaReS 6 HPR O ISP AT crmut h
subsal i cylablirig tebhlduelsforbigh prwkrrntdsigh idéesity blefctroniccasseimbl@sd oxapr ozi n;
clofibric acid and diclofenac; clofibric acid and sundilac; clofibric acid
and i buprofen; clinofibrate and diflunisal; clinofibrate and bisnuth

subsal i cyl at e; Telrenlife theafocegoing mdvantages.thedigat pineinane H@ oxapr ozi n;
clinofibr ; i f ; ikinef4 ' aq Bhlinefd brate and
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gent i br ozithe RBGsiAl C MTReaNRR colfiisebz0giutaliangf wedgelshapedrdpgiariés br ozi | and

i buprofen.l .second, aspect . the invention f Spd: Rasktion that

i ncl ubes @ég]e rPB‘rtQFeC%&deQﬁe%?l%q gcbﬁ}eh%\{,agbgfgt%gﬁhg(%%q@%%%‘tiﬁ acid or an
anal og t hdlugbéommwheicgtiontwith thezadriugadedwickd di f hnmi sal are present in
anounts that, when adm nistered to a patient, are sufficient to treat,
prevent, or reduce a netabolic disorder. Exenplary bezafibrate anal ogs are
bini fibrate, cipaoptherfer, theihest pipegamprisast 2 BrHt-ehinemedlley i ¢ aci d,

et of i brat essERBRS | PhébSserblydRAILNES @Zhliti-dib Middues compliBing'#1 egoi ng

aspects, the corfposi tlpﬁr may J.nclude a th rgi a %24 Sil ectgdt ftrom he group

consi 5% i n§uBstratg) anshy piHrality of ijgoqied SH\}‘F'L? ﬁpg ap e guestratengld i n,
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adr enocept or oni,s . . anj . ; - : itors,
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st at i n- cortamhrheag pipmbomatisemsn elongatedhsilow bonsiegthayingea LPREENSRI bi t or s,

Zﬁfgos' ne oy érﬁfﬁrﬁ’bgép RH S » ATDRUBAROWRK i§ BRPRSEd vAgRItHE S, al dosterone
goni st's,” al pha 1 adrenoceptor antagoni sts, Si‘l?%))ha 2 ?dr,enoceptor _

agoni 80s, heuging. 2T haiwiskawspprisesa Blurality of wegosshaper GaREESESr ant agoni st s,

anti oxi dakgendiHd #em thelidhdePssr ehd té tHe ORAJOraRr @AANAYIgRId f3edet imdr enocept or

ant agoni sts, . calTium (ihann.g_lbp%grgonl st§ cal.ci um channel antagoni sts,

di ur et i cs UEHERRMHEIGRUONA gAY ¥k ndopept i dase i nhi bitors,

endot hel in receptor antagonists, guanylate cyclase stinulants,

phosphodi est er Vi ph it [ ' [l (THaY! SHfAnkd nase

i nhibitors, reﬁllri?% fluﬁ ?gfo?}cr)}r’ gj,{éPﬁg{o&nggfgﬁgétgeﬁfﬁg(gggjd?hggg\?tpors, héd

vasopept i ¢dgirerting Buidavay fragopecosdanserenagbifiestent ArgkpeRssin 2

ant agoni Ste%agaféibp cneshe hetblidosriseddMaRERHoBvIckMG tAB R frofrDghect
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i nhi bitors, aci d binding agents, bile acid transpor.t inhibitors, bone
f or mat i on CoNARD$eHPLhe &H@PP@E r‘g‘feéiehplﬂf a"%@ﬁ?'??gef{f%?@&ﬁ?ﬂﬂgirg%(?%'gge

i nhi bi t or syicking laggles withiabise Farigenof tenhd ifteensiegeded.est er ol ant agoni st s,
chol esteryl ester transfer protein antagonists, cytokine synthesis

i nhi bitors, DNA pol ynerase inhibitors, dopam ne D2 receptor agonists,

endot bel i n r ecé&pther feattregaricsadyangageg of therpresentanvenjiom willde i nsul i n

sensi {1 zelgohdaRsh B RilHisy dbiRbd RSEAHAPhER baRiPEsQuActdr waRr ot ein A
ant agoni st's, nicrosomal transport protern inhibrtors, m crosonal

tri gl ycer ita@ aceamepayingd5awingsi nhi bi tors, nitric oxide synthase inhibitors,
oxi di zi ng agents, phospholipase A2 inhibitors, radical formation agonists,
pl at el et aggregati on antagoni sts, prostaglandin synthase stinul ants,
reverse chol esterol transport activators, rho kinase inhibitors, selective
estrogen receptor nodul ators, squal ene epoxi dase inhibitors, squal ene

synt hase i nhi bitors, thronboxane A2 antagonists, anylin agonists,
cannabi noi d receptor antagoni sts, chol ecystokinin A agonists,
corticotropi n-rel easi ng factor agoni sts, dopam ne uptake inhibitors, G
prot ei n-coupl ed receptor nodul ators, glutamate antagoni sts, glucagon-I|ike
peptide- 1 agonists, insulin sensitizers, |lipase inhibitors,

mel ani n-concentrati ng hornmone receptor antagonists, nerve growh factor
agoni sts, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,
protein tyrosi ne phosphatase inhibitors, and serotonin 2C receptor
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The conpositions of the invention may be fornmulated for oral adm nistration
or systemc admnistration. The invention also features a nethod for

treati ng,wpresaniiseg, or reduci ng a nmetabolic disorder ipaTAISP@Ioe39 i N need
thereof by adm nistering to the patienmt (i) bezafibrate or an anal og
thereof; and (ii) diflunisal or an anal og thereof, wherein the bezafibrate
and diflunisal are adm nistered in anounts that together are sufficient to
treat, prevent, or reduce a netabolic disorder. Exenplary conbinations are
bezafi brate and diflunisalI bezaflbna%e andel ) al i cyl at e;

bezafi brate and ni nosul i &g & afibrate and

di g' Sf ?lnacg bfzﬁ"fél H?ﬁt)pﬁ p@adsetist hein bmlzlgé bbﬁ mdmdtdddtw afferencel Sf i brate
and diflunisa i bra subsal j ¢ e an
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and sundi lvisichcl of i brate and i buprof en; cloflbrlnc acid and d|flun|sal,

clofibric acid I sul i de;
clofibric acid lﬂﬁg %ﬁl‘%@?ﬁa&é? %r\?%\ﬁfél édt?%&gﬁﬁc’f%ﬁﬁ%ﬁc@wi bric acid
and sundi Ithe destoplidr provigsiddherein;i bupr of en; cli nofi brateand difl uni sal;
clinofbrate and:Bsspidhoathan bgmb%@rsp@u.m.mwf%lt@mbmermmg;m
clinofbrate ana oxaprozin; clinofibrate and dicl ofenac; clinofibrate and
sundi | ac; WickiRefstisc r8Sand i buprofen; genfibrozil and di f I uni sal :
genfibrozil and|g. gWwidflemehatiof ul ratthodosfifhblicating tharrtatipipesof Figare
genfibrozit and oxaprozin; genfibrozil and diclofenac; genfibrozil and
sundi 14 ﬁﬁmgenflbr02|l and i buprofen. The invention also features a

met hod for tredflithd, |srammm1mde(gylewofraadumi aaipanadylgmsiseatdy $wtder in a
pati ent g patient (i) bezafibrate or
an anal ognef'ﬂé% %ah&andiy( Ci nna?ngﬁé\g@%dpgwpgﬁ anal og thereof, wherein the
bezafi brate and ci nnam c aC|d are adm ni stered in anounts that together are
sufficient to treat, prevent, or reduce a netabolic disorder. In either of
t he foregoing aspects, the patient may al so be adm nistered a third agent
selected fromthe group consisting of sulfonylureas, non-sul fonylurea
secretagogues, insulin, insulin analogs, glucagon-Ilike peptides, exendin-4
pol ypepti des, beta 3 adrenoceptor agonists, PPAR agonists, dipeptidyl

pepti dase |V inhibitors, biguanides, alpha-glucosidase inhibitors,

i mmunonodul ators, statins and statin-containing conbinations, angiotensin
converting enzyne inhibitors, adenosine A receptor agonists, adenosi ne A2
recept or agonists, al dosterone antagonists, al pha 1 adrenoceptor

ant agoni sts, al pha 2 adrenoceptor agonists, al pha 2 adrenoceptor agonists,
angi otensin receptor antagonists, antioxidants, ATPase inhibitors, atrial
pepti de agoni sts, beta adrenoceptor antagonists cal ci um channel agoni sts,
cal ci um channel antagonists, diuretics, dopam ne D receptor agonists,
endopepti dase inhibitors, endothelin receptor antagonists, guanylate

cycl ase stimulants, phosphodi esterase V inhibitors, protein kinase
inhibitors, Cdc2 kinase inhibitors, renin inhibitors, thronboxane synthase
i nhi bitors, vasopeptidase inhibitors, vasopressin | antagonists,
vasopressin 2 antagoni sts, angi ogenesis inhibitors, advanced glycation end
product inhibitors, bile acid binding agents, bile acid transport

i nhibitors, bone formation stimulants, apolipoprotein Al agonists, DNA

t opoi sonerase i nhibitors, chol esterol absorption inhibitors,

chol est erol ant agoni sts, chol esteryl ester transfer protein antagonists,

cyt oki ne synthesis inhibitors, DNA polynerase inhibitors, dopam ne D2
receptor agonists, endothelin receptor antagonists, growth hornone
antagoni sts, insulin sensitizers, |ipase inhibitors, |ipid peroxidation

i nhibitors, |ipoprotein A antagonists, mcrosomal transport protein
inhibitors, mcrosomal triglyceride transfer protein inhibitors, nitric
oxi de synthase inhibitors, oxidizing agents, phospholipase A2 inhibitors,
radi cal formation agonists, platelet aggregation antagonists, prostaglandin
synt hase stinmul ants, reverse cholesterol transport activators, rho kinase
i nhibitors, selective estrogen receptor nodul ators, squal ene epoxi dase

i nhi bitors, squal ene synthase inhibitors, thronboxane A2 antagoni sts,

anyl in agoni sts, cannabi noid receptor antagonists, chol ecystokinin A

agoni sts, corticotropin-rel easing factor agoni sts, dopam ne uptake

i nhibitors, G protein-coupled receptor nodul ators, glutamate antagoni sts,
gl ucagon-1li ke peptide- 1 agonists, insulin sensitizers, |ipase inhibitors,
mel ani n-concentrati ng hornmone receptor antagonists, nerve growh factor
agoni sts, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,
proteln tyr05|ne phosphatase i nhibitors, and serotonln 2C receptor
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adm nistration. The first and second agents are desirably adm nistered
within 10 days of each other, within 7 days of each other, within 24 hours
of each owbenos/mu2sei t hin 1 hour of each other. The invertiras2@ssosobeat ur es
a kit that includes (i) bezafibrate o# an analog thereof; and (ii)
instructions for adm nistering bezafibrate and cinnamc acid or an anal og
thereof to a patient having or at risk of having a netabolic disorder. The
invention also features a kit that includes (i) bezafibrate or an anal og
thereof; and (ii) instructions for adm nistering bezafibrate and difl uni sal
or an anal og t her eof to a pati eﬁETMldEﬁd)E)SCﬂPﬂQN of having a netabolic
di sorder. The '"M?é\hé é%@s&ﬁ@é@héﬁeuﬁ I@xﬁdédﬂéﬁharmédtkgtﬁﬁmglc)a dbfiityini sal or
an anal og t hereof; nstructions for adm [ d|f| n| sal and
bezaf | br at®y SMPRYREANGE étreemreﬁﬁaaoagfﬁtsﬁ@craaﬁ%oo welfbe sl having a
et abol i ¢ tHies6y. dRtis alrbwls If@vmtusm?faim é)ﬁ;g!ﬁl;lrmgh-@OWer dtahalt); cm:llnégjes (i)

ci nnam_c aci an, anal.o [ ii) instructions for adm nistering
ci nnantc a%qulcgﬁ E’z’&‘fﬂ%‘?ﬁ%g Aﬁ% Cﬁjsgﬂal og thereof to a patient having or
at risk of having a nmetabolic disorder. The invention also features a kit

that includes (Réfe@nﬁggﬁm%tsﬂ.%ﬂeop@ﬁ@pehﬂg.gaegéﬁéﬂan@a@s@ham fgal og ther eof

and cinnanic acid n anal 04 thére i nstructions
adni ni st erinAlydesa@ncipngaipd ihgHowdheusiig ?%ﬁ?V'HS\ﬁ ;@&t%}gué@r (Frp§§(sﬁf’t'%w ng a
met abol i c méﬁmﬁlm dumsmsecsﬂth@mo@lsﬁ@ gaaérumpae@ed@ bnthaspéecifitudes (i) a

corrp05| tion .alnin br at e of an an of .a f i sal or
an ana®og & 'rC@ jpn 'ra'ﬁg’e(dr f’)" MAPOBE | r&qgopg?o g\g%llvﬁllgq |'Hgg'?9ﬂb Qgﬁpom tion
to a pati etot0.Bavihes inwidth, andKromh Ohhta ﬁ@5anotm$sahd1|e|ghtd|%r@rfembly,

i nvention t ©Or an analog

t her eof ; (ri?c}lfs?@ %ﬁé%gﬁg@%%&p&gﬁ&%&% eﬁe%[ {)l I | | nstructions
for adm ni stering bezafibrate and ci nnam c aci d to a patient having or at

sk of having wishahel fefedneend Fiqurdhe dispoastiamialonbeangies a kit hat

includes (i) bezatib er eof : flunis r an anal og
t heredf; RITY9ated vw%é@ JShe ek fﬁfprrgs% m@éhl %@P'a qqﬂeétsgesﬁ
di f1 uni Sa|thtaQ)rderp@ﬁﬂr@mt0 0oy inthesrto @ 008 Bkhed tHﬂaNtmgefaneTatmLhmlliyoofdl sor der.
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ci nnaRioc dengesf bghweemfivg)iq fikeenregigesr &rafarally pibgrnigisestian Reiat faﬁ f1 uni sal
are presenhelifih edBEsopmidRdius'RE Qréstat tHaw £68fAd 100086 Prheent , are sufficient
to treat, prevent, or reduce a netabolic disorder. In either of the

foregoi ng aspects, the patient may al so be adm nistered a third agent
selected from tIhgug;@lapllusiraésbhegemtﬁocﬂmiehbnyia wiekdsg strootuse wheng lthe ea

h ! di n- 4
ol ypept qUEed 22 et M dhatal tiGoyet KERRRP Ik RS 1S cpt Tyl
pepti @&se housingil Bidusing assegbdhi kuean a&qer@laavgemuaaab suahiasithe

| munomdudhey i Fighid %E‘Sthérfgld%efﬁ'fsr?zcgé‘ﬁr?é B SGHCPIEN-RRHI PBSvesNgi Ot ensi n

converting enzy ors, adenosine Al receptor agonists, adenosine A2
recept or g\ﬁéﬂ)’@ﬂl’erVé‘l”é&@'ﬂ%?fﬁwﬁo%ﬁﬁ?ﬁgonl sts, alpha 1 adrenoceptor
ant agoni sts, al pha 2 adrenocept or agonlsts al pha 2 adrenoceptor agonists,

. . _ : , bi |
pent 1 de agoni ot <elenng SuARdR ELafeof thn PEEbARE T AIERE e a NI Rngon oo,
cal ci sm cHhnideb wu:haegmlam,smeﬁlamdatammoncmmmm @l ethaoelptoghaagehi st s,
endopept! dasfiy 'tm%"fo%é(ﬁf.ﬁs SRR duIGREREG néK gr%}”éh%% yadte

cycl ase sti od| esteras roter'n Kinase

i nhi bi t or seaahdend Qf Hi@sfaaoualnﬁ pravens the, fuyd rﬁrqnhﬁ%ameg éhe BRFIRBYX e synt hase
i nhi bi t or sfyi¥ as PRIk dasRdIAHIR @ hBusiMgsopr essin | ant agoni st s,
vasopressin 2 antagoni sts, angi ogenesi s inhibitors, advanced glycatlon end
product inhibitors, bile acid binding agents, bile acid transport

i nhi bitors, bone fornation stimulants, apolipoprotein Al agonists, DNA

t opoi sonerase inhibitors, chol esterol absorption inhibitors, chol esterol
ant agoni sts, chol esteryl ester transfer protein antagonists, cytokine
synthesis inhibitors, DNA pol ynerase inhibitors, dopam ne D2 receptor

agoni sts, endothelin



receptor antagonists, growth hornone antagonists, insulin sensitizers,

| i pase inhibitors, |lipid peroxidation inhibitors, |ipoprotein A

ant agoni swe,2o0s@amsonal transport protein inhibitors, mpcrasesslo23o79
triglyceride transfer protein inhibitsers, nitric oxide synthase inhibitors,
oxi di zi ng agents, phospholipase A2 inhibitors, radical formation agonists,
pl at el et aggregati on antagoni sts, prostaglandi nsynthase stinmulants, reverse
chol esterol transport activators, rho kinase inhibitors, selective estrogen
receptor nodul ators, squal ene epoxidase,inhibitors,,Egg%Lene synt hase

i nhi bitors, thritefBENENROMIO FigusgSnfalricatignof the Bgatp I8annabi noi d
recept or a-BEHYNsRES vicCstRdigitySrivalrd BidpsAhataefirss & uniud loaecasiprocess,, easi ng

f act i st i t i nhi bi.t G t ei n- t
rodul at of SEGTAARIGNARS A G, 4 SRS piece o fldirbes TRl L REsT" ©"
i nsul i n sensi ¢leaned,, atlstgn 362 tohiehidversurfaceliavpiunities treadmoight afiectifaridone

t t i i . . i Y
Lo ses, TRGIRBE e Nk Lhadibadial 185 W0, @UBHnTRREEWBBRHE L\ se
i nhi bi t or Yegaeel gseavesonihe grooves ape Brendyohes fefinetihat sieRpt. ¢ &HEN of t he

i nvention ir iy i G GrEes.
adm ni st ra@%br\{P g%ﬁ@é%\l?gﬁ? ?aoﬁ;]gi)%sl gf‘)ﬂ:‘]e %F:jl;é rr.(raaj f$§n§§rﬁt§gﬁ$eoe$vt r%@?i ng,
leadedh drigdheh fserisd:

prevent i ndNes theceRRASFJOLISTRIPRBEY P ipeNeROlIg%eq t her eof
by admi ni sH{cssintp12 cattdiep pasi eiid (¢ Jhem iRPARucgDMts the hadsig) 3t step| uni sal  or

an anal og er eqf ei n the PPARg.,.agonis i [

adni ni-8t er:}élz)'iaﬁgaﬁﬁ?tY\é]ff@etrWthW?&&Wé‘heg?rgdssﬁfftﬁg?]og}ﬁw#%k ??éeoa?,[f'p;r%ent , or
reduce a rstatihglpracetissuayée.acthmplished by ovelding®rfreauntingsqueicket hod f or
treating, MR i r i i isorder in a patient in need
t her eof byoqgéﬁ)m n}ds erﬁh%gcoingghﬁéep%gl?e t&?%r eg]d%PAR agoni st; and (i)

cinnam c acid or an analog thereof, wherein the PPARg agoni st and cinnam c

aci d are adni nigtyepstid) tRERBAL Sipktdscibee hBRJin prévided Bhkasedd to treat,
preven

Phat - Rci dheenel dondoebRiy Sl 8 Ctibatsd paeady TR By al@To METc7' ng'

t he PPAR agnrovdy defifed iverties Q4athiatienablerthamdtiong stracteoé ta transpart thent  havi ng

(i ¢ , § . - : . i g
Chat i noi Jid 2B IpBrEVeiinfr ERGueRt wil MeddB CHNAY MesiIe 2 S
t he PPAR aggneiral wadgediapiliany thelory assertaihat bgsenhendbe wealting pagie«fta havi ng or
at risk Ofﬂi@ﬁgh@gplﬁtéé‘?fa%b@é hfadd BAREEL atlhEohANSMAIDEH{cBRBHGRSIRcK L 1 hat

|l I fl'uni sa e

i ncl udes ( or an anal og t h r&)f; agd L) . nﬁ .ngti ons for
admi nR8t erwitgramspedia evmaref fhippaynpilicaky tayyargs gy ”HBB #8Pkof to a
patient hayidedl on tas thidctl, Idhaveadisogyeredthatiinl eplbyiy fdided fliehavimgnt i on

al so features a kit that includes, (i i Nnagy C agci nal og t hereof;
and (ii) i\f?éﬁ(f‘?fttthiagﬂgﬁ?%?ngﬁﬁiOﬁ%&‘&?%%&%ﬁﬁﬁ&%ﬁ”ﬁ%@?%aﬁ% Vgle%bgl? agoni st or
an anal og ddiienant thiedfluid peay leemadximized vohileapresesingsuffigiginty waderet abol i ¢

di sor der. The,LOVANLLAR 1A AGaf SREUORY dalibindpal | ncludes (i) a composition
cont ai ni nd& P agoni st or an' anal og thereof and cinnamc acid or an

anal og5t hereof; and (ii) instructions for admnistering the conposition to

al pat :c e”t havi ”H?(@%nlt@énc’%éoﬁﬂferférdnﬁhﬂd(e@ the 'Héb@biﬁeiénéﬂlé@ﬁ?%cgé@%li B\éig[i on
also features a kit that inclydes (i) .a co i on. cant ai ni n

agoni st or! @ﬁﬁ‘%‘@”gﬁé?%@maﬁﬁc}eﬁﬁ ?%%ﬂ@?&ﬁﬁé}iﬁp‘gWQIﬁBBs’tWé‘?%otﬁ? and (ii)
i nstruct i aagpopatoadmEynbftdrefinc gsélhabovathescdridemsen b path asttustion, ibe or  at

ri sk of havi et Lc.d er...JThe i i | res a kit that
i ncl udes (Wfﬂggaﬁn:@g% gvt'g!orﬁgécﬂs tg?n% cg)ge{]%rggép? g\f?llufooglgﬁﬁ@% € acid or an
anal 0g ot hesarnafensantd thiei évaponator againehgravidy, anthstill eintaing eyme BPER agoni st
and ci nnang, @sachckat ; i i ri sk of having a netabolic

A aor aryfiiaBhCd ftodideHccEBlate HeRtratstBl. 1) S OF new! D (i) a PPAR

agoni st or an analog thereof; (ii) diflunisal or an anal og thereof; and
(i) instructipshd applratib) sicrefeginghowRARaeer she @ntbatlimentbtal to a

patient hayi r.at_ risk of having a,net.abol i i d f the
For eqoi ng NETEtpiRe pRiemplavein FambuETaRRAde BuFdl Sin, e WG

bal aglist azinoledes moglbistrareAe? tpatogbuntszoplarality of integretes! cienuifisi(tGs)one,
rosiglitazone, darglitazone, englitazone, netoglitazone, KRP-297, JTT-501,
NC- 2100, NI P-223, MCC-555, L-764486, CS-01 1, G 262570, GAB47845, or
FK614). The invention also features a nethod of treating a netabolic

di sorder by administering to a mammal (e.g., human) one or nore agents
listed in Table 1 in an anmpbunt sufficient to treat, prevent, or reduce the
met abol i ¢ di sorder.



For exanple, the mammal being treated may be adm nistered two agents listed
in Table 1 within 28 days of each other in anmobunts that together are

suf fi ci enyot20odinel’s, prevent, or reduce the netabolic dipeergdedsosoiings t wo
agents are desirably adm nistered within 14 days of each other, nore
desirably within seven days of each other, and even nore desirably wthin
twenty-four hours of each other, or even sinultaneously (i.e

concom tantly). If desired, either one of the two agents may be

adm nistered in | ow dosage. Optionally, the mammal being treated may
recei ve aded%heehaipetaﬁ@BHﬁliwﬂDQ th@m%monractathm@%&mqv QW s

enpl oyed ﬁg&h herapeutic regi men, the agent or agents from
Table 1 a%%SIEGda %F@%@angent are present in anounts that, when

adm nistered to a mammal , are together sufficient to treat, prevent or

reduce a net abCFIUrﬂreGIlré@rn@Iﬁg to F‘@erélddlhtellwmlpuagas%em’my dmenpsr@esca ed fromthe

lin,
Thouli B atarapdtiep neab bR He A BEhe iadone s BRIEq A Fe P ag Rt feat TS0
adr enoceptpipe dggenss ). E’ﬁthoﬁtjterinatsp,poIflp@@ﬁrai?IfOfm@d pda%lételﬂvvwlthﬁhﬁr t or s,
0! guani desorai-BRAsH Hﬁg&Ib‘eﬂs&d\@IhHhBﬁ‘I hel WEBYEOERSINA RO Phe 8fstdli ns and

statin-contai ning ensin convertl ne i nhibitors,

ng enze/
adenosi ne eaaapoéaiepeods afthe keat plmawqmou@drte@élew or dy8RT ©eEmahy| dost er one

ant agotr" st@upfth§ istthe BAIATOGIBRYOY. AbAIesiVEL IR 4 ¢ Bbverd thdMeORTept or
agoni st s

renoce, iote sr rece t agoni sts
ant i o%Pda@%e"I@Iﬁé’gg |e|’fHP§)'F'93I‘§%% II?'PgrpI%SIIaI‘&%J '&8 ﬁIéqLP‘%gfagI%gdrenoceptor
ant agoni st¢pld prite (nwb sHowvn)el agoni st's, cal ci um channel ant agoni sts,
diuretics, dopamine D receptor agonists, endopeptidase inhibitors,
endot hel in receptor antagonists, guanylate cyclase stinmulants,
phosphodi est er ds@pe‘rammi wEsttbe dCs heat up iUk tapowarhsppatian thede2 ki nase

i nhi bi tor Er BHI% BF Y ﬁeattﬂrﬁéﬁhﬁé@%aih@t Bét?ﬁng Wapbiiz4tich of the
vasopept i Itors,vasopressin | ant a f%) vasoggﬁasr n

ant agaAi st‘%orkﬁrggﬂldééﬁ&ﬁtseﬂ% II!ﬁPE?rS§U"%G i B8RS fEBhuct
i nhi bi t or sip @Wér@e@@h@vbpé\dhﬁmgigm@fsldeblfIrecIaannbls rVes oo thehl bi tors, bone

f I I

i hi bi ¢ SI‘sesvtalpﬁ‘éa@E@eroro e BRHER hei TATSPLON MG heRRbIRAS o
chol est er yr.Intreﬂ“teemeatrthasa‘rmonrirmseortedrtoargg)heat sink @jatewiaweorsquﬂtlnesr s
bt L or Sy DRAGRILUTREARE (HBP LY Bty PRI Rebal S5 RBhPhoARRA ot o

endot hel i n receptor an or none ant agoni st s, nsulln

sensi Riozersink pIqﬁegearhrmh ﬁﬁlt’@ﬁ'%y I'QUiCbPQPItﬁ'Qr%YﬁIQIHttP &AM HI‘?&P@ NG poprotein
A ant agom%b,gesgn crosomal transport protein inhibitors, mcrosonal
triglyceri transfer protein inhibitors, nitric oxide synthase inhibitors,
oxi di zi ng agents, phospholipase A2 i nhi bi tors, radical formation agonists,
pl at el et aggr egpidsskidcRgthesirswillreosyrigé dnel manyybertediteasd i mul ant s,

| h | ecti
ot rogen rebaREIS AR Bihe 3t R ioh DAYIBATEapIMIVARES is P2 Sct! Ve
synt hase ithkiusietafras cotrbgatat ovak thatpperatag inpecerdaaesy with veRgR §@@lllary

cannabi noi glg BRFprérBInd%rgrfI‘%‘?’I&batvﬁckrﬁ?%'cﬁ&b(%? ekhddAsed Rg@niAddRionally,

cortrcotrgzrn rel'easin a\mne taernq |tors
protein-c QISéHJCFLE@élfttB‘? wigldng éFB‘F@re @I‘%I? §ndt 'aWath g%trﬁ%%t@" BFRNYon- I i ke
peptide- lLoFarAbsteducetodling cosresi tizers, |ipase inhibitors,

mel ani n-concentrati ng hornone receptor antagonists, nerve growh factor
agoni sts, neuropeptide Y agonists, neuropeptide Y antagonists, SNRIs,

pr ot ei3m t yr osi nIdawhgsﬂprhsadescmberdmdme’rairaspeatscbfsaideasimne @rﬂbﬁémemtmf

agoni sts f éf%ﬂ% e used with any
of the agetrII sI-IIqeasI tpgegh?lrng?q’q%%qg%e%@r&&% EII b&rré\%e?lftergﬁgr&%’n n| stered nore
than one amedificatioes,dind ismsavermgete will fagdibeocrunita ipseoyditateln the at-si ngl e
formul ati on. When adm nistered in separate formul ations, the agents naybe
adm ni stered si Itaneousl or within 14 days, 7. days, or each
other. These agetxamp'eo %WﬂépeﬁﬁC§8Wﬂ¥€epeW@gsé\fr?ﬁgsgﬁ%a/%%te of
adm nizst r atlistrated hereinplitdd to berundemstmadsthat atvagietysolimateriatp bot shapes
topical, dermal, sub-cutaneous, and rectal). Optionally, the additional

t herapeutic reginmen may involve a |ifestyle change, including the adoption
of alowfat diet or |owsodiumdiet, stress nanagenent, physical exercise,
reduction in al cohol intake, or reduction in snmoking. In a further aspect,
the present invention features a kit that includes any one of the agents
listed in Table 1 and instructions for its admnistration to a patient
having or at risk of having a netabolic disorder. Optionally, the kit
contar ns two three, four, or nore than four agents from Table 1 that may

L,



in the sane formulation. This kit may al so contain instructions for
admnistering this agent with a second agent listed in Table 1. The

i nvent i onwelses/fiesgures a kit that includes (a) one, twecTiUsp@s/023r79 NOre
agents listed in Table 1 and (b) one or nore of the foll ow ng agents: a

sul fonyl urea, non-sul fonyl urea secretagogue, insulin, insulin analog,

gl ucagon-1i ke peptide, exendin-4, YML78, FK614, dipeptidyl peptidase |V

i nhi bi tor, biguanide, thiazalidinedione, alpha-glucosidase inhibitor,

i munosuppr essant, i nmmunonodul ator, angi otensjn cqnvertiqg;eﬁzgne (ACE)

i nhi bi t or manke eneieyed consisteapnith the wedee capillagy Pri<iP®sHesCiRedki t  al so

i ncl udes iHRssihyst LM Hithahe #@3t Pipet tBrdohgevictheempasrsdshéat tearsportent  havi ng or

at risk of having a_netabolic djisorder ternativel t.he kit.of the
i nvention %b%ﬁgﬁ-amﬂgﬁ%,a@‘%gh tsﬁ?@g? hg’é‘{ HBechaps AN %'F%%I%:ehe Table 1 or
any one ofprésentéolepsinreg eganples, awids Yansty of dimensiosall fassililifieseexist

secr et agogue, 1,.nsul | j l.i.n, anal og, glucagon-I|ike peptide, exendin- 4,
YNﬂ?S,gFK EF"QP%H%%BH@%&%EEQQHase I V i nhibitor, biguanide,

t hi azal i di nedi one, al pha- gl ucosi dase i nhi bitor, inmunosuppressant,

i mmunonodul at or, angi otensin converting enzyme (ACE) inhibitor,
angiotensin Il receptor blocker, and antioxidant, as well as instructions
for adm nistering these two agents together to a patient having or at risk
of having a netabolic disorder. The invention also features a nethod of
identifying a conbination of agents useful for the treatnent, prevention,
or reduction of a netabolic disorder, involving the steps of: (a)
contacting cells with an agent listed in Table 1 and a candi date conpound,;
and (b) determ ning whether this conbination of agents reduces gl ucose

| evels relative to cells contacted only with the agent from Table 1 but not
contacted with the candi date conpound. A reduction in glucose |evels
identifies the conbination as being useful for the treatnent, prevention,
or reduction of a metabolic disorder. G ucose |levels may be reduced, for
exanple, by altering insulin signaling (therefore increasing glucose uptake
into cells and subsequent storage or netabolism for exanple), altering

gl ucose transporter activity (e.g., increasing G.UT4 expression,

transl ocation, or intrinsic activity), increasing the anmount of
insulin-sensitive tissue (e.g., by increasing adi pocyte or nuscle cel
differentiation), or altering gene transcription in adi pocytes or nuscle
cells (e.g., altered secretion of factors from adi pocytes and expression of
nmet abol i ¢ pat hway genes). For exanple, the screening nethod for identifying
a useful therapeutic conbination involves the steps of: (a) contacting
cells with an agent listed in Table 1 and a candi date conpound; and (b)
determ ni ng whether this conbination of agents alters insulin signaling
such that glucose levels are reduced relative to cells contacted with the
agent from Tabl e 1but not contacted with the candi date conpound. An
alteration in insulin signaling that reduces glucose |levels identifies the
conbi nati on as being useful for the treatnent, prevention, or reduction of
a netabolic disorder. Mammalian (e.g., human) cells may be enpl oyed in any
of the screening nethods described herein. Particularly useful cells are
muscle cells, intestinal cells, adipocytes, liver cells, and pancreatic
cells. Optionally, these cells have an alteration in insulin signaling
activity such that glucose levels are increased. Such a reduction in

gl ucose levels may result froman increase in insulin production, an
increase in insulin secretion, an increase in glucose uptake by peri pheral
ti ssues, a reduction in hepatic glucose production, or a reduction in the
absorption of carbohydrates fromthe intestines. Analogs of any of the
conpounds listed in Table 1 may be used in any of the nethods, kits, and
conpositions of the invention. Such anal ogs include any agent fromthe sane
chem cal cl ass, nechanistic class, or therapeutic class as those listed in
Table 2. Table 2M CRO HEAT PI PE W TH WEDGE CAPI LLARI ES FI ELD The i nventi on
rel ates generally to passive cooling schenes, and nore particularly heat

pi pes for cooling electronic assenblies used in automatic test equipnent.



BACKGROUND Ther mal managenent is a significant issue facing the electronics
industry in light of ever-increasing I C conponent power |evels and power
densi t i eswoHeatoipispes provi de an i nportant neans of paseicralsyoodnesoro

i nexpensively transporting heat away 8rom an el ectroni c conponent to an
area nore accessible to higher capacity cooling systens. Conventional heat
pi pes often conprise an el ongated seal ed tube that houses a fluid and a

wi cking structure. One end of the tube, known as the evaporator, is brought
into contact with a heat generating conponent. Thermal conductivity between
the heat gener &WHAY @)%6«%@5@ Id the tube causes the fluid in the
evaporator to vaporize, where it is forced by pressure to the opposite end
of the heat pipe, referred to as the condenser. In the condenser, the
vapori zed fl ui d-con&ﬁ@@%p'ﬁﬁﬁomr@%s its latent heat of vaporization. The
wi cki ng structure opsrelbagated bllaw hdusirid badngacsorfdemset kad @ddemser to the
evapor at or . Cor%sgéfﬂ Ilé the heat pipe thermal transport capability often
depends on the é I?(Ij’ucture performance. Traditional w cks used in
heat pi pes typical | ya ¢cerkegased avickadispegedwithiy the, haiising, ke cerHaaieds or

rooveg, to dr i i en
gdj a\éeﬁt edges%ﬁll)‘l‘l‘:lE F ﬁg{plélrggg;véégﬁg?lg?&t %g@g?ﬁ%ﬁgﬁ{apgﬁﬂ%igﬁﬁﬁﬁ%ﬁﬁe angl es

on the order ofth@icepgenray aktoghe GvappPeton gnGne My Rfhi mi ze any vapor
flow i npedi mentgpilldhick @ohiigiseorddd fimshaving kinglesusdtuees ajaegeding wor k

wel | for their i.pntended appli.cat.i ot e ists for a heat pipe

havi ng i npr oved""&]”& i%barkg%{) f()fﬁﬁt{;?ﬁ%ﬁp#@é@%egﬁn%fr ansport. The heat pipe
descri bed herein satd kfuieset ini fluicheothnBUNGATRN Wik the gorrpgatedadiskr i bed herein
provi ?85 | ow cost passive cooling with enhanced heat transport ability.

Thi s énabl es the use of |ow cost passive cooling, techniques for high power
and hi gh densitd el dsheahpipegsseraing tsclaim 11 wheiesE t he for egoi ng

advant ages, the heatthéicBﬁ'ubBtéUWicR%Fﬂ RBBId sleatedt EsRierpheet.conpri sing an
el ongat ed hol | ow housi ng having a condenser end and an evaporator end. A
corrugated wck is disposed within the housing. The w ck conprises a
plurality of weige- shapetipipepridcbatingto elatraridivngrein:om t he condenser end to
t he evaporator end. Ligujd I ot i nication with the
corrugated wick. In 'tﬁﬁ&oﬁgb’%f%oﬁnnéﬁ%eﬁeé]Egeéé%%flgg%hpri ses a nulti-chip
nodul e assenbly. The assenbly includes a nmulti-chip nodule conprising a
substrate and pl urglkli i hMCoMheikll sposed on the substrate,
and a heat pi p24'asseﬁb%ﬁ@%edd%gg?ﬁ%ikgglagggg”n%ié?lrgonpri ses a heat sink and
a plurality of heat tpepaYidEUPREERs WAl her ral contact with the integrated
circuits. Each heat pipe conprises an el ongated hol |l ow housing having a
condenser end %néd an,_ evapor at or §d1d. A Icorru\gﬁt ed wick is disposed within
the housing. The wi ¢k SaﬁB'Pieéngo g fe SRy WhetRige- shaped capil | ari es
ext endi ng from t he dbadeldsdrfinsrdtfine \{-Rbapedigoyavesr end. A liquid is set in
fluid conmunication with the corrugated wick. In a further form the heat
pi pe operates in accordance with a nmethod of directing fluid away fromthe
condenser end d t heA heat pipeRecoring teglaiBriavberedmd. The met hod conpri ses
the step of wicking thBeofdeHiffhsidetimetdiptsinBai66ved. 0 the evaporator over a
plurality of pleated fins having respective w cking angles within the range
of ten to fifteen degrees. her features and advantages of the present
invention wll he aphheanpiperavrotding totlaimiinghdetimi | ed descri ption when

read in conjunction wth the acco LN . aw . - OF THE
DRAW NES The heat pi'D Akl TR TR AR ﬁa?&ﬂgétct%ﬁgﬁﬁgﬁgﬂf%{e@

r ef er ence thent0h@0J ichesi ng nore detail ed description and acconpanyi ng
drawings in which FIG 1 is a partial perspective view of a heat pipe in

accordance with the description provided herein; FIGs. 2a and 2b are
partial perspective views of alternative corrugated w cking structures;



FIG 3 is a flowchart of a nethod of fabricating the heat pipe of Figure
1; and FIG 4 is an exploded view of a nulti-chip nodul e assenbly that

enpl oys awplaveealivdsy of heat pipes shown in Figure 1. DETACKERS:2&0E883874TI ON
The heat pipe described herein provides enhanced cooling capability by

enpl oying a wicking structure that operates according to "wedge capillary”
theory. This allows for the use of heat pipes in high-power density cooling
applications to mnimze cooling costs. Referring nowto Figure 1, the heat
pi pe, generally designated 10, includes an el ongated hol | ow housing 12
having a rectafgul ar exdsshipapedule. asPREIDNEFRNPURING] mensi ons of the housi ng
general |y depend on 4 Qgits&pirhbduléRBMFRIngea subytehtecthd &pluraity ofange from
one to twelve m&hes in Jeggth, g 25 Bo .5 inches in width, and fromO0.1
to 0.25 i Aeegeated cHevigheisPesed apdbe FUbPHehousing is formed froma

t he{jmal Iy gonducr:]ti V%hlﬁ@éhtqiipeusbemblycdmobeat pmgbssagblwmomﬁfiﬁngnﬁe tof Fi gu(rje
1, disposed within the hqusi .],s a corrugated wick 20. The wick is forne
from aBt hi n pl eat ed coppearﬁé#%é@aon the order of from0.005 inches to 0.008
inc_hlels thick to define aqopl_l.lraiil’thly oph?at nipeRydisphape i tli"@psma:] aer::f@?;t.hwrrh;]e _ ,
capillari b t NSbridysisgtire length of the housing 1
and comr?@%%%ﬁ%ﬁ%& ?F%Jsl{%%lajeﬁi r?\gdatp%get hﬁ?s\’v%i adj agent ediges 24 to form
narrow vertices defining an af§ @ongaeghalo Lfsééﬂg AWPIFEMISSEl ve to

fi ;_t een degr eesendPé,ﬁj gﬁ@b“"hdtdg'e%%dét er SﬁCti 02_ poi nt of _tlhle fin edges forma
radi us no greater than aroun , i,nches, Fi F one
enbodtflent of a wi cking struct%?%"%?é?év‘fl leBﬁgécgwﬁpﬁ_’sfhff*%rlﬁ’gﬁ%rp

Icont our le;j @regaes] Wik cm_mgrié;img ar%iér@ﬁty oft&\gzdgﬁsr;hm@ Q?lﬂalmgﬁﬁgfﬁgsfenr)ldyd

n an alter in Figure : e folde
fins 22 dgfcgﬁghés{??a&%ﬁ _rﬁ‘s%htgﬁgg graggﬁtés. _r@ny\e‘gt her variations are

possi bl e. Referring again to F bauesetinfhid geBxmynigationowitith@er incl udes a
wor ki ng f e Afbiidk. as water, nethanol, ammonia, acetone or ethanol to
channel along~™the tolded fins 22. Wl ds or quick-di sconnects (not shown)

di spodéd at each end of the housing prevent the fluid from escaping the
assenbly. ]:rhg fd.ui d Am%lﬁ-@hlymnsdalmbsdmthj/ actdrdirtpiosélaign Befleereimg now t o
Figure 3, fabricati 0 e t, bl 1Q | 1 ofl;% ] I
straightforward st egﬁet‘%%"ﬁg d%ﬁ]alepﬂeg %pﬁlﬁe}réegedq‘?ndwf Eczost_égﬁﬁéejg}é{”ﬁaener ally

desi gnat ecargf)ds bétwesn, adjasenttiis within deerasige: ofi tando fiffeenidigrees sel ected and
cl eaned, at step 302, to renove surface inpurities that mght affect fluid
flow Next, the foil is stanped, at step 304, to ftoréprel atlj]vel% wi de

ni net ydegr ee grifbvedd mult-chinomedyleassertan apeerding o pimEdVNelest ep 306, to
form narrow.verti ceghBaviigattDvRk d@mpriesar gleaterf codppumshestto fifteen
degrees. Once the copper foil is properly pleated, it is then inserted into
the hol |l ow housing 12, at step 308. Fluid is then introduced into the

Eousi ng, at s{epl.gioa n&ﬂﬂ-ch&ahpdutd’mwinnblbyccetgmm@ ¢Ia'm|1_énﬂisedregn:thel N
ousing, at step Nolgle) cconpl i shed by wel di ng or
nmount i ng qui ckdi scoﬁtﬂgl{&?sﬁ]ﬁﬂgg%ﬁsﬁﬁ%@?@a @\?%por ator ends. In
operation, the heat pipe described herein provides enhanced thernal
conductivity du?_t 0 A%m_@h&p,g@ggfé gg@fn@?acg&!d%g ® fhinestwierdire to the
narrowW y defined vertices, 24 that enaple the wicking structure to transport
the fluid 26 in an iRBIGVIEHCOMANESS VB stent with wedge capillary theory.
In general, wedge capillary theory asserts that based on the wetting angle

of a fluid, two, platgs n,be d 0 t : t al ceritical

angl e which w I1:P'tr é’b@ﬁ't(:hﬁ) @(@%Hﬁé%ﬁeﬁtﬁﬁia%&g@ﬁ%{oo@?@?aw r&ﬁ{ar ds an
infinite height. Bastbé foldedHins ddfinery-shapeadgeoatiescover ed t hat by enpl oyi ng
folded fins having vertices that define angles of between ten to fifteen
degrees, the wi cking action on the fluid may be nmaxim zeg ng | @ preserving
sufficiently with pahmuishimmogdyle assemRI%ECERIING P ¢8I PR -ow. The
enhanced per f or manceneffolded fimsadeffiensdrétaedaeiobyes.successful i npl enment ati on
for automatic test equi pnent (ATE) applications, where the evaporator nay
often find itself above the condenser. In such a situation, the w cking
action of the wick needs to be adequate to draw fluid fromthe



condenser to the evaporator against gravity, and still maintain a cycle
time sufficient to provide acceptable heat transfer. In one application,
and ref erwongoenayesso Figure 4 , one enbodi nent of the heatr/ysk@se/niid7 s
enployed in a nulti-chip nodule (MCM10400. The MCM i ncl udes a substrate 402
that mounts a plurality of integrated circuits (I1Cs)404. A heat pipe
assenbly 406 thermally contacts the ICs to provide a | ow cost cooling
mechani sm Further referring to Figure 4, the heat pipe assenbly conprises

a rectangul ar heat sjink plate 408 hayi. one. end fornmed with lurality of
heat pipe fingets 47 Mmathed °6f1'r?ﬁ@gifﬁﬁg%ﬁ‘iadefr‘?mgaﬁrcggg?%s‘?rcﬁ'}‘ﬁﬂp%onsi st ent
\(/jv! t[} ][ he q%’éa?etp![ipé?fd ékgedég?@fairt]d}%hh da{ﬂwmétmmd Udeg’sinlgaha&dqmzcapi Il ari eg_. Th;a

i stal evaporator ends, o c r or direc
thermal coupling to Vf"ﬁE'”Eét’%%P@e@?@ghggingéﬁ%?rgpe@?iegfg?{)%égljﬂ\%/yc%ver s the
MCM as s entplyratity dfepleatedsfinsghaviry respecivewigkirg angles withimthenipnge & 1 qui d
cool edgf:o'tgn'?{)?ihget(w%%ér é’ngn). In operation, as the ICs heat up due to
power dissrpation, t evapor at or ends of the heat pipe fingers heat up,
causi ng vaporization of the working fluid at that end. The pressure

gradi ent devel oged i ApkedepipBecdm@iisimi:pe forces the vapor through the fol ded
fin channels, away from the, eva &ra or .enﬁa to the ondensar end. The

vapori zed fluid t herPtBIRR8RESNOlGY ROYSHIY AN ahEPry FEPG A ed to the
heat si nk ¢lapbeater andpnducti on. The cold plate nodule (not shown) further

draws heat away fro I DRl . high capacity liquid cooling
systemto conplete %ﬁgﬁoﬂgﬁsgeﬁp\p'mgst@é ﬁ?hglgg g'll}(?l led in the art wll
recognisze the many beaehs for winkingdbe fluidfeemdhe soadanssr entbtothesent
invention.. b sigpkhicant inportance is the use of a corrugated w ck that
operates in gccor dance with wedge capillary theory to provide enhanced

wi cking action of condensed fluid. Additionally, the structure of the

Wi cking structure enalbleaspipel dtofdifg té alair cld wherdire tHenimgaastfor wickinger
reduce cool i ng.costs. Havi ng thus descri bed several aspects of at |east one
enbodi ment®YPPHFE  heat pipe herein, it is to be appreciated that various

al terations, nodifi catoongatediwick disposedwithin thid housiaglithg cosigatad t hose
skilled in,, I il o iHE&lRel tyd cks were
descri bed%’%g%ﬁéj@@g%gﬁﬁﬁwﬁm&@? %Sép;@g @%ﬁ%&%ﬁ%@%@hat gmvari ety of
materi & s condlessaperddy theeevansiralps@ndonsi stent with the wedge capillary
principles described herein for use wwth the heat pipe to achieve the

i mproved heat transport capabilities, Furt al t hough specific heat pipe
shapes and si zeSB-wer? NsALRIBSAGFORIRG I CRUM WP 2 wi de variety of

di mensi onal possi bi | theivesdgoxsisdpeteespithries compriise fopgeéd ias hanindHAT | S

condenser s Rat N GuREe SR WRif e Rihdt ANBR SRR RGBS U0 AT The”

housi ng, the corrugated wick conprising a plurality of wedge-shaped

capi |1ari es_ext andi ng HebPBioeeecHMIASAS Blairfct dietdi evaporator end, the
wedge- shaped capi'l |l aries rising-fol (_?ed fins having angl es between

adj acent fins wi thi rftherre@rugatrd WickfGopePrHsesta Pie@&f?e%@f?"ére%r;‘, end a liquid set
in fluid communi cation with the corrugated wi ck. 2. A heat pipe according
to claim1 whergin: fhe corrugated w ck co i ses.a pleated copper sheet.
3. A heat pipe ﬁicor%ihﬁégﬂpe © 'T%%&'@&‘%Wﬁﬁr%usi ng conprises a
rectangul ar tube. 4.tha Hmsingecqapasesoa déctgngulactuiem 1 wherein: the liquid
conprises water. 5. A heat pipe according to claim1l wherein: the fol ded

fins define V-shaped grooves. 6. A heat pipe according to claim1 wherein:
the fol ded fins2tefiAdegbpipsiacserdjng sy eim716 whaed: pi pe according to claim

1 wherein: the liquid comprises water.

22. A heat pipe according to claim 18 wherein:
the folded fins define V-shaped grooves.



the folded fins define grooves that forma corner radii no greater than
0.005 inches.8. A nulti-chip nodule assenbly conprising: a nmulti-chip
nmodul e cowpnoeingess substrate and a plurality of integreeteaseiosorsors

di sposed on the substrate; a heat pipa assenbly, the heat pipe assenbly
conprising a heat sink, a plurality of heat pipes disposed in thermnal
contact with the integrated circuits, each heat pipe conprising an

el ongat ed hol | ow housi ng having a condenser end and an evaporator end; a
corrugated w ck disposed within the housinq, t he corrugated w ck conprising
a plurality of 3kdge® BRaprigeasserding tQclaim | 8nieI§ N r om t he condenser end to
the evaporator end; tpadoldeliifigidéfinetcontodrediglomasiuni cati on with the
corrugated wick. 9. A nmulti-chip nodule assenbly according to claim8
wherein: the wedge-shaped capillaries conprise folded fins having angl es
bet ween adjacent fins within the range often to fifteen degrees. 10. A
nulti-ghip nodul e assenbly according to claim8 wherein: the corrugated

wi ck conprises a pleated copper sheet. 11. A multi-chip nodul e assenbly
according to claim8 wherein: the housing conprises a rectangul ar tube. 12.
A multi-chip nodul e assenbly according to claim8 wherein: the liquid
conprises water. 13. A nulti-chip nodul e assenbly according to claim9
wherein: the folded fins define V-shaped grooves. 14. A multi-chip nodul e
assenbly according to claim9 wherein: the folded fins define contoured
grooves. 15. A nethod of directing fluid away fromthe condenser end of a
heat pipe to an evaporator end, the nethod conprising the steps: w cking
the fluid fromthe condenser to the evaporator over a plurality of pleated
fins having respective wicking angles within the range of ten to fifteen
degrees. 16. A heat pipe conprising: an el ongated hol |l ow housing having a
condenser end and an evaporator end; a fluid disposed within the housing;
and nmeans for wicking the fluid fromthe condenser end to the evaporator
end. 17. A heat pipe according to claim 16 wherein the means for w cking
conprises: a corrugated w ck disposed within the housing, the corrugated

w ck conprising a plurality of wedge-shaped capillaries extending fromthe
condenser end to the evaporator end. 18. A heat pipe according to claim17
wherein: the wedge-shaped capillaries conprise folded fins having angl es
bet ween adjacent fins within the range of ten to fifteen degrees. 19. A
heat pipe according to claim 17 wherein: the corrugated wi ck conprises a

pl eat ed copper sheet. 20. A heat pipe according to claim 16 wherein: the
housi ng conprises a rectangular tube. 2 1. A heat pipe according to claim
16 wherein: the liquid conprises water. 22. A heat pipe according to claim
18 wherein: the folded fins define V-shaped grooves. 23. A heat pipe
according to claim 18 wherein: the folded fins define contoured grooves.



