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BACKGROUND CGrorithina pAENT|oON Ilkiad| Bidfe tAwid rismmsmmr tTHadbddams iandent i on
rel ates to net hdRisleofAcid fequestanding fanites  fhs daesbovasdudpeci fical |y
relates to 15 conbinati ons of conpotuddleatdéonpositi ons, and net hods for
their use in nedicine, particularly in the prophylaxis and treatnent of
hyper|i pi dem c ¢onditions such as_are assqciated with atherosc[eroiis,
hyper chdl est er ol sa?pgﬂacﬁfﬁ8P EoRIMSr Prarrery 8tsHaSe PROXAAMAPE! More 20
parti cul ar lgppltikatiidneseronnbel abgsabQouheali1bl guaci d,t iapspankens (| BAT)

i nhi biting conpounds. The_invention also relates to bile acid sequestering
conpounds. Y-Bes®PtiisdRngt REPALEdtAPh Sgx .| Noj.s 6RELL3s8EF| Edlefat
hyper | i pi dgygC ¢@ndijtgig@ns associ ated with el evated concentrations of total
chol esterol and Iowdensity lipoprotein (LDL) chol esterol are i h
factors for coronary heart disease and particularly atheroscle@@%ﬁ@ﬂ%@mmmm‘
hi gh 30 1 evels of LDL chol 2 lAcLease..t he ri-s f atheros h
met hodS ™ for | owering pIa5n§§%kéﬂéH§]eé?c§5 N t her apeut i cal 1Gpoooz*
beneficial for the treatnment of atherosclerosis and other diseases

associ at ed wﬁtg accunul ation of lipid in the blood 35 vessels. These

di seases i ofpthe,dBvepti mted 23 June 2003 WO 00l 38728

PCT/ US991 27949 kg @ﬂ!é@@ﬁf:yih@éh&iQhS%@i%te@e'i:bpﬂéEﬁbd&a_éEUl:ﬁéaéb;ﬁ%aSe, and
stroke. Atherosclerosis underlies nost coronary artery disease (CAD), a

maj or causEaFHigyasicyley dhgeatetal rRfl SResifdgalAysseilatgs FHpgh LDL
chol est gr ol AR ;2huUL £188 a : ho taLp e 35
ng/dl)aﬁavg been%éﬁbmm to bem?%%gb%én?gggﬁgkggthfsggg t%ehaégekgﬁgent of
at her oscl erdwiis. uSeheén dedeasvs, oparktskuflactlgr sp shehpasphelapher ahd
vascul ar di sease, strok and .10 .hyperchol.est.erol aenja_are_negatively
affected by'a %5F?§ ﬁ%L%EBErréPfS§¥QFnFSPFé FRGEWeER™t A8 F&Si rcul ation of
bi | e aci ds deseritited uith athkthestcheeskisal hipagtthbieboundléniaedana t he

| evel s of serum chol esterol in a causal nelationihip.
other coronary artexry disease in mammals. More

20 particularly, the invention relates to ileal bile acid

transporter (IBAT) inhibiting compounds. The invention
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also relates to bile acid sequestering compounds.

Degcription of Related Art

25 It is well-settled that hyperlipidemic conditions
associated with elevated concentrations of total
cholesterol and low-density lipoprotein (LDL)
cholesterol are major risk factors for coronary heart
disease and particularly atherosclerosis. Since high

30 levels of LDL cholesterol increase the risk of
atherosclerosis, methods for lowering plasma LDL
cholesterol would be the;apeutically beneficial for the
treatment of atherosclerosis and other diseases
associated with accumulation of lipid in the blood

35 vessels. These diseases include, but are not limited



15 [Epi dem ol ogi cal data has accunul ated whi ch indicates such reduction

| eads to an inprovenent in the disease state of atheroscleross gune 2003

. St edronskyo oé3872d nt er acti on of bil e acids and chol est er ol paa/i$ponEIAsy St eni ¢

agents havi ng hypochol esterol em c prdperties,” Biochimca et Biophysica 20

Acta, 1210, 255 287 1994) discusses the bj ochen stry, _physj ol ogy and known

active age 3’{;‘2%‘75 ALRGRE aRFCRIEG e r@scutpdn dissase.

pat hophysi qrgmlgt@ﬁeeratl ons are shown to be consistent with interruption

of the enterohepatic 25 circulation of bile acids in humans with an

i nherited Iack FHthegepaares iy, unde F s twtbycqmr)y Jrgervet al. See
"Primary Bi{ dd@&bs Ct |l ile Acid

Transport" eé\%%r oent er ol gggq]t‘é%% (SEB%IASG 16%/%%1% nr?eglnogté%%rl\égpgr oach to

t he redact mtmieocfn r@@matlmmeMIcﬁuca](ﬁajzerdme(del albidue asiod transport

systemis a eutlc targe r the tre nt of

hyper chol eﬂ% gﬁglh )la‘?‘ﬁteeﬁcglptﬁﬁg"od‘f %%é‘gé?i]ﬁgeméfﬁalbﬁgn

circul ati onsngwrh u%peﬁ fimpdF 8P aEdnt r VBt EYs U the? HedidNOpiddE of

PCTI US99f 27949 i nhibitors (Kraner, et al.) "Intestinal Hle Acid

Absor pt i on"@theFoRGhETasict- BIRRF hisearas Qf FiedacsPrs 1805h 26 (1993) .

In several Jddiptiedial V@g@jygalapzplé&@gé ONsbrdiRechsia 5 Aktiengesel | schaft

di scl oses polyners of various naturall'y occurring constituents of the

ent er oh@path}@ardmeaatﬁemp]s%mmm negstrivigy \eltfiecgsd ibycladdengebi | e

acid, whi C*hd /& tﬂe Qphysiological bile acid transport with the goal of

reducmgth ]'L cholesterol | evel sufficiently to 10 be effective as

phar maceut i caI S Iand;rﬁe"rlpa_:[ twinth arhé aredlisenAatiyfpdfolbadtecaelias ¢ragents.

The i ndi vi dyal _Hoechst tent appljcations which disclose such b| | e acid

transport i &Weﬁ’g cfo %P ré%c raSfarst 19909 SCedasicswthes

R1. Canadi afled%q@mﬁm@ﬁmtémé&&&ﬁaﬁ% c&:&@n&@ﬁ&l%aismwm ication

No. 2, 078, 588. R3. Canadi an Pat ent Appl i cati on No. 2, 085, 782. R4. Canadi an

Pat ent Adpl @fétqe@HQQk?g}Q?B]S B Q@P?%PIWG%NW inglizpgess BURb. EP

ApDI i cat | 0rer, & 549 198/ SR ORI RIND 5.0 3RO ABABE. ERace or

ApplicationNo. 0 S63 731. 25 Sel ected benzot hiepines are disclosed in world

pat ent applatd@tnwlrﬁnﬂfelrs MO 937Banisiey f om ruimdrestas tioes dindlidgi ng fatty

aci d met abq| ol
benzot hi ep| nes aradr}%nom oreﬁgﬁ%ﬁ% agfent h%%%% |

hypochol estlamcaahasmagmﬂtesmcem@tdwé.dr : u_: ieigtane

at hero I ero S i on~ 84 A French at ent
app! i c %7?%% d)dlc?‘t ocﬁéﬁseosen et%lé)ﬁ S SEEY ruse gs
hypol i paemph)fmdalog\zQDaGﬂi 38?6&& 4aé‘131dejrkege?%ﬁ£h3 ROMJISRA LY P9 e acids
hypochol esterol c agents. Furthernore, patent application no. WO

92/ 8462 | iM% %’9 t hi epi nes for use as hypol i paem ¢ and

hypochol est er ol agitis i@datSat Réphy F8 Bot i N1 e 204 ol adee@rRfwrdlto) Each of

the 5 benzot hi epi ne hypol i paem ¢ and hypochol est erol aem ¢ agents descri bed

in these i i\ AsEISHRte Epplntear Trision f rﬁhee(fwr&memtdé bonded to
the capBon adfagent; D& PheMd 4ditk ofn thifnddls &k ¢ GHF iARRNZRI apidke i ng.
Furt her benzotcﬂﬁepllnes useful for thel%reat nment of 10 hyper chol esterol em a
and hyper| igfi d&#Ta aa:ta\dusacl omdra:ppva&darhy dpibcatd gh .net RPAT/ USES/ 10863.
Mor e benzot, eplanres E{J,slef%] Ig)th IaX| & ed‘:trveeatlr;le t_gjo

hyper chol estordiem & and yper |p| a8 el phar maceutical

conposi ti orsleafl S!Luﬂhhaerﬂ:oléllzecpidlesrﬁéport ", Gastroenterologx, 83,
804-11 (1982).

30 In another approach to the reduction of recirculation
of bile acids, the ileal bile acid transport system is a
putative pharmaceutical target for the treatment of
hypercholesterolemia based on an interruption of the

enterohepatic circulation with specific transport



15 described in PCT/US97/04076. Still further benzotHiepines and
conpositions thereof useful for the prophyl axis and treat men3 ®ine 2003

hyper cholygglgsghem a and hyperlipidem a are described in pdrysodipidhe cati on
Serial No. 08/816,065. In vitro bilg acid transport inhibition is disclosed

20 to correlate with hypolipidemc activity in The Wellcome Foundation
Li mi ted di dellgditersf (Kremtat ert Appli ¢anteat Noal VD DS/AGDES5 f or

"Hypol i pi demi_c t.hi-azepin u " | i i on s¢rjbes a

oL P RNz e e REI8 oo [0a] PN SAL Ono BE5E54 P

hypol i pi demsoYserzot(hisaagpi ne conpounds (particularly

2,3,4,5-tetrahydrobenzo- 1- zeﬁine conpoun are disclosed in Patent
c

t.hi -.4-@ fs%
Application No. WROS68E35184NIAVASPALRRLFTY BRRF L2 HEDL HQSERFhe

di scl 0sed inkcWRrHRRA 182 Hag ! Ae seOBROUN P00 mE BE ot avdr DouEURABEFaBRy
hypol i pi dem ¢ benzot hi azepi ne conpounds are described in Patent Application

No. WD 96/ PSRBT ingGoANsHAlysneg P Shelepnhasobepat Pr qixmybabioag O p S\ O
\ NH B-2

thei . . i . . . .
(3R 5R) - 3- Batyl s 8 hy 3 3 A r AV RS YRy di 67 87 6 et Hoxy 2 - hetyt 1- 4- benzot
hi azepi ne Linhidiigxitthe Ohlysiobegicthi bidépi acidonpanspsrtuseftih flme control of
chol esterol_ are scribed in, P at en | ion No. 5 99/ 35135.

I ncl uded iﬁQP&afgﬁéEQPfﬁPﬁoﬁhFSIPﬁeCES%sggﬁﬁoﬁfi?%éinﬁ%F -9%e?k;¥5F? ClL H7
Furt heiol| BAE igffichictioe aenpbubathacenehiddesaafll assn opaddi dapdnt hebenese

conpounds, described_by T. lchihashi et al. in J. Pharnmacol. EﬁP. Ther .,
284(1), 43250 leisterpilemicaagengsgg o The pbp@iyidual Hoechs

1- (3, 4- di mh@pphepilikadi63at rkival aikkl ode N¥EERXYt fe 7adtd ri Met hoxy- 2- naph
thoate) is particularly useful. The structure of S-8921 is shown in 15
fornul a B—ZG?HFEPFﬁeﬁﬁ£abﬁﬁH&Beﬁ@m@éﬁﬁdﬁné§eo¢a¢hg%ﬁ?ﬁ%ﬁ#¢bﬁtlV%%@ﬁsefu

for the trg%hggnt or prophyl axis of - 23 June 2003 WD 00l 38728

PCTNS99I 27949 6 hyperlipidem a or atherosclerosis are described in PCT

Pat ent 13ppl i cati on No. WO 94/24087. 3 3 H20 5 A class of materials which

operates by anotfier pEGHANLEMLE L over LDLEhol a3t erol o compy) ses bile acid

sequest eri ng agent’'s e der d sequeEPran S"or "biTe ‘acid sequestering

conpounds"y. Su®:.ageainnddke Pupeaal hppabtatiexchange, god ys@ss adm ni stered

orally to a patﬁ%qt'Canadian Patent Application No. 2,085,782.

R4. Canadian Patent Application No. 2,085,830.

20 R5. EP Application No. 0 379 161.

R6. EP Application No. 0 549 967.
R7. EP Application No. 0 559 064.
R8. EP Application No. 0 563 731.

25 Selected benzothiepines are disclosed in world patent
application number WO 93/321146 for numerous uses
including fatty acid metabolism and coronary vascular
diseases.

Other selected benzothiepines are known for use as

30 hypolipaemic and hypocholesterolaemic agents, especially
for the treatment or prevention of atherosclerosis as
disclosed in applicationgNo. EP 508425. A French patent
application, FR 2661676 discloses additional

benzothiepines for use as hypolipaemic and



10. As t.he agent passes through the gut, anions of bile acids are
sequestered by the agent and excreted. Such sequestering ha23keesa2003
specul at WO WA8fA8event reabsorption by the gut, for exanplPETUSEIRI9UmM
causing the body to increase converdion of cholesterol into bile acids, and
15 thereby, decreasi ng sefum chol esterol |evels. One such bile acid
sequesteriHﬁp%‘@lé%fe?geﬁﬂ{)?%rglﬁr%ﬁﬁrht&' a it imBHeene copol yner
cont ai ni Ngagpdi €5Paby AGTOWD s L4461 16 HP Hh SARSEH At i dp I HoE b | €
acids. It is believed. that chol estyram ne binds the bile acids in the 20

i nt esti nal “B# a¥, hYRet 8BgeTHE 41 RPehAeSuRIal af3iml 28R Es ohdpet i c
circulatio L Syeffechql S Sgid eié‘g@T , In "Regul ation of
hepati c chg té%-l?iérlglg' mgef g%%ﬁ%fn ﬁééﬁﬁ‘%a%gﬁstl m act?%r?{eeffects of

chol est9yr aheneoohi ¢fVEr€otypetiptemie aotd \Hypeaml dstverol aed3s Jagen903 WO
001 38728 PC { | 91,17949 7 density. | ipoprqtein receptar. expression in

gal | stone 3??%J§$Ed,l otg}rl%sa %éi‘lylpciuaﬁRéasa%aernc ,a%pil,lcf%bqrigzﬁs(w%).
Further debtmipédobyointmsdefb@tded =4 ailed darmickdd greatt athe i n

"Chol estero] Lowering and bile acid 5 excretion.in the hapnster with
chol est yr aRPFRY } r B4R ﬂf--?h%ﬁ&%ﬂp&y&y@ergth@W (@Y¥). This results

in an increase pirth¥8rhHbhiEr Rdsh dtiRsha hReaUSR: drddenditvess usi ng
chol esterol as wel|l as an_ upregulation of the liver LDL receptors which

enhandds cheperpkel osterol ediarad dnrerd idddeamise e rdis ¢ sehol st er ol
| evel s. An bi L d. St &4 iSs C i pol, a copol yner of
di et hyl ene %?g{% n%ﬁg%ggag%ﬁxfg%g Z%f/;%soié}f&;%péa%e. q@séesti pol is described
in U S PabentotNoieBibd2, 896fulA forduentpriply leffiectand wodastenpol ofaind of
15 chol estMr am n%_le Ls ‘gas(tai[i c, di stci]ei;ss. Ajg.di.t' onal bile acid sequestering
agents ar e ¥RSEFTPen® i U, S Pt Eht G 5 PAGSE™EB, 20T ghelf t o Gel t ex
Phar maceut paat®acéiei c&Dr c s € ot & 15 Uit Dideh A0 th ehwest £Fé Ng agent i s
3- et hacryl .am dopropyl tri mft h%I’%O anmoni um chl ori de cqpol ynerjzed with
ethyl e gf§EoriRrdet Rakry A 441 44% d Hiddpdiyniete™ ARTHRTP IR ENSR d
sequest er i B3 a98MLSs BF CoflE SEké RESK IWsd¥al RaleHhRPHd 1981 NaanyO
98/ S7652, assigned to Geltex Pharnmaceuticals, Inc. The WO 98/576S2
appl i cat i ohroat@eser PHeBYRRT SR ISR NEeWo ATkt IYReF biaifeRIdfA%L bi |l e aci d
sequesteri gg i'$ pé.es]h?lgg A5 Registyr WdNo. o d82Bd Do éd- 7.
Chol est aGe{3 F(ggﬁl}?lé\lél\l-rtlﬁrret hyl - 6-%32- pr openyllsdtalmx\]ndc\)?- 1-&%xanam nium a
chl ori de pol ynmeinwibréchi be oneidyiyandpare, irthijriopern 189 dksnkosed
N2 prapenyy. dodeeanen Ne Yy OGIY 1 i Yl AN, RS IR ELha! S
proposed as br Pe" &¢i sequesteri ng agents comprises particlés conprising
anphi phi | i Eoonpat yorr Bihavedgd BscYasstd nkied ishatd telonmedpphich@ionnt er i or
core domaipn (Patent application no.. PCT/US 23 June. 2003. WO 00l 38728
PCY | U899n7829 %69%?11§€%§. %Yr[}@flfﬁ]e’sp]a I ARG S BFPEURh crossl i nked
anphi phi | i corppehiisers anhet desisT i dedi b REF /394 18 3dhbmb&uche parti cl es have
been gi ven the_comon_ nanme of "knedels" (K B. Thurnond._ et  al .1 J. Am Chem
Soc., 118 BYPab}prigombcibenioidy)izeiie CIYMAUAT on AP EhPRR fox the
treat et Qi p69L gi QUATEUbEH -Gt L5 WY CchiRsSunies C(popdi bmr dheyl i terature.
ot 1o oPpE R FLANARE bEh- Ok PR IR oo (PP eRLARDY

2,3,4,5-tetrahydrobenzo-1-thi-4-azepine compounds) are

disclosea in Patent Application No. WO 96/05188. A

particularly useful benzothiazepine disclosed in WO

96/05188 is the compound of formula B-2. Further

30 hypolipidemic benzothiazepine compounds are described in

Patent Application No. WO 96/16051.



reductase inhibitors useful for the treatnment of 10 cardiovascul ar disease
are discl'osed in U S. Patent Application No. 09/037?,308. A Q@¥nhina200dn

t her apy Wé obbatygst atin and niceritrol is described by J.pSQasabkhins al .
(1d.). Those researchers conclude that the conbination of fluvastatin with
15 niceritrol "at a dose of 750 ng/day dose does not appear to augnent or
attenuate beneficial effects of fluva$xatin.” L. Cashin-Hemphill et al. (J.
Am Med. Assoc., 264 (23), 3013-1§§§\ 90)) describe beneficial effects of a
20 conbi nation therapy pf col esti pol d niacin on coronary

at heroscl erosis. The-fdestrjbed © i n¢l uge~nonprogr essi on and
regression in native corong 1s° A conbi nation therapy of
aci pi nox and sinmastatin 25 in patients having
high triglyceride Ieug]s gex brugge/ et , J. nternal Med., 241,
151-55 (1997)). Sitostanol i gar+H& and pravastatin comnbination
therapy is described by H Gylling ef al. (J. 30 Lipid Res., 37, 1776-85
(1996)). That therapy is reported t& sinultaneously inhibit chol &tZrol
absorption and | ower LDL chol ester®r\significantly in non-insulin-dependent
di abetic men. 23 June 2003 WO/00I 387838 PCTI US99I 17949 9 Brown et al. (New
Eng. J. Med., 323 (19), 1289-1389 (199p)) describe a conbination therapy of
| ovastatin and col esti pol whi ch &s at herosclerotic |esion progression
and increase lesion regression reMafive to 5 | ovastatin alone. Buch et al.
(PCT Patent Application No. WO 9911263) descri be a conbi nation therapy
conpri sing anl odi RBRESRNE3 dost vl 1 - XHPIOUNG ,f4015 il ro1b) ect s suffering
from angi na pect orj 8;danbdeiasg! Byt 1 -aonbibetdtyierdegyisicon 10 and
hyperlipidema, and to treat synptawmiiefxich di ac arrest. Buch et al.
describe in PCT Patent Application No. WO 9911259 a conbi nation therapy
conprising am odi pi ne and atorvastatin. Scott et al. (PCT Patent

Appl i cation No.otWer98é4266hiidbefensr t&Rpaur@LLSALLEPNELPEESRYXEONPEIT Si NG

atorvastatin _and an_anti hypertensive agent. .
cholesterol are described in PCT Patent Application No. WO

ery | esi

5 99/35135. 1Included in that description is the compound of

formula B-7.

Further IBAT inhibitor compounds include a class of
10 naphthalene compounds, described by T. Ichihashi et al. in
J. Pharmacol. Exp. Ther., 284(1), 43-50 (1998). 1In this

class, S5-8921 (methyl 1-(3,4-dimethoxyphenyl)-3-(3-

ethylvaleryl) -4-hydroxy-6,7,8-trimethoxy-2-naphthoate) is

particularly useful. The ‘structure of S-8921 is shown in
15 formula B-20. Further naphthalene compounds or lignin

derivatives useful for the treatment or prophylaxis of



Dettmar .and G bson (UK Patent Application No. GB 2329334 A) claima

t her apeuti c eonposition useful for reducing plasma | ow densi by JuhegP2gu30t €i n
_and chol esgglophgd® | evel s, wherein the conposition conpri sgsraseskides CoOA
reductase inhibitor and a bile conpl exi ng agent. The above references show
continuing need to find safe, effective agents for the prophylaxis or

t r eat nent ofhmmmﬂaroﬂisﬁmcn&MWm‘q ddsdihidbddvientiain To
address the ontln need. t o ffective agents for the
prophyl axi s Ignaerfrégﬁ‘%e abion %Il g‘%@ ‘ﬁ{g{]gﬁfseases conbi nati on therapi es
of 30 cardiovascul ar drugs are now repgaigted. Anpng its several enbodi ments,
the present invention provides a combination therapy conprising the use of
a first amount of an | BAT 4 nkjbitor ;nd a second anount of anot her

cardi ovascul ar therapeutic %se § WO 00/ 38728 10 23 June 2003
PCTNS99I 27949 prophyl axis or tre hyper|i pi dem a, atherosclerosis,
or hyperchol esterol em a, wherein st and second anounts toget her
conprise an anti hyperlipidemc corditjgh effective anount, an anti s
atherosclerotic condition eff@ctive fnount, ogEzan anti hyperchol esterol emic
condition effective amount ofjjthe co | For exanple one of the many
enbodi nents of the present iy i nblnatbeﬁ t herapy conpPi4?ng

t herapeuti ¢ dosages of ,a 3 aéid |0 sequestrant. A
preferred enbodi nent o 3?Re presg a corrbl nation therapy
conpri sing therapeutic dosages of e | BAT inhibitor and a bile
aci d sequestrant ,~7# } sstant i nvention 15
conprises the PCHat | on t her api es

descri bed herein for tihe propghyl axi s|or treatnent of hyperchol esterol em a,
at heroscl erosis, or hyperlipiglem a. Jherefore, in one enbodi nent the
present invention provides a nethod for the prophylaxis or 20 treatnent of
a hyperlipidem c condition conprising admnistering to a patient in need
thereof g conbi nat idkdd dnidacdosages fuhienhsaldt dh e Cadithabi on conpri ses
a first amount of an ileal bile acid transport inhi b|t| ng conpound and a
second anpurfteraml § |t é&@%é@eﬁ@%%%km%gﬂéﬁn achid fir st
amount and the,feaand I dO0BtEre COMRY | SEq Ak e RR Mphihden ¢
condition effective amount” of the conpounds. |Inh anot her enbodi nent, the
present i nveRidbrEquRARIEiRg rRATRRNIAR" t he Prafplagdentis agie typacmday of an
30 at heroscl Sqnd ﬁgqgg S ¢l n need
t hereof a co fgna%"; on HTCJé(r)f?b osagecéllglr %lree% ﬁorﬂ[ g}{:g: Z)Htg%hconprl ses
a firstlianods tdfe aargartteapbasbsdse torahgh artspoydt | remidwints of (badcpoan:ddand a

Second armunatr Ofseqube!s!teeraecé q) eesatgeerrlltn C )Pcurne E\qur %UC ! he

sequestering has been speculated to prevent reabsorption
by the gut, for example the ileum, causing the body to
increase conversion of cholesterol into bile acids, and

15 thereby decreasing serum cholesterol levels. One such
bile acid sequestering agent is cholestyramine, a styrene-
divinylbenzene copolymer containing quaternary ammonium
cationic groups capable of binding bile acids. It is
believed that cholestyramine binds the bile acids in the

20 intestinal tract, thereby interfering with their normal
enterohepatic circulation. This effect is described by
Reihnér et al., in “Regulation of hepatic cholesterol
metabolism in humans: stimulatory effects of

cholestyramine on HMG-CoA reductase activity and low



r WD 00/38718 first amount and the anti-atherosclerotic conpounds. In still
anot he 23 June 2003 PCT/ US99l 17949 11 second ampunt toget he23clonpRd8® an
condi ti owoafo3gngi ve anount of the r enbodi ment, the presertrusgmeesdi on 5
provi des nethod for the prophylaxis7or treatment of hyperchol esterol em a

conprising admnistering to a patient in need thereof a_conbination in unit
dosage for FeRErEi HRIRFUSH FRGHT To FPressiony insgaddstreof an il eal

bile acid prenspest, iyhihidl o GAMAIRERER,58G0Ng2amLBbof 10 a bile
aci d sequestering conpound wherein the first- anount and the second anount

t oget her cohd?se arFurkhary plasdindisiosr elferhd sc eddeciton seffoaadi v& anount of
t he conpou ther.-sc ‘ li s t r t 15

i nvention g‘mg?)i:l !'étioér}g aalz'pgggngg}}c;rl%%t%%% 1dg'i%g)ie}rlelh¥’d§glg r ilggt:L i@o%%grgovi ded

bel ow. Howexeretign sivoulhe exmatder stiddd chiedie stlye afrdnleowireg tadenai'l, ed

descriptiop_and e | es i1 e dndjcati preferred enmhodi nents of the
i nvent i on,ﬂ = ;&Bdf %15'131%'& ?‘é‘ﬁ@gﬁ onV18i FEEU2GSv A 8ls changes
and nodi fi caéiedse Wil i ivdhe S Hdi ArgmTeeRe sobelhasenvgntthen 1wkl become

apparent to those skilled in the art fromthis detailed description.
DETAI LED DESERY PHOE e TIHE FRUSERRAS BYBOBIRENTS29NTRE ftoe dWived det ai | ed

descri pti ofipj, Srgtisiad it Al & Ao Sidildagdnkl biFe chblielsR eRlodChihgi Ng the
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sequestering agent is 3-methacrylamidopropyltrimethyl-
20 ammonium chloride copolymerized with ethylene glycol
dimethacrylate to yield a copolymer.
Further bile acid sequestering agents are described
in PCT Patent Application No. WO 98/57652, assigned to
Geltex Pharmaceuticals, Inc. The WO 98/57652 application
25 describes polyallylamine polymers.
An example of a bile acid sequestering agent is
CholestaGel, CAS Registry No. 182815-44-7. CholestaGel is
N,N,N-trimethyl-6- (2-propenylamino) -1-hexanaminium
chloride polymer with (chloromethyl)oxirane, 2-propen-1-
30 amine and N-2-propenyl-l-decanamine hydrochloride.
Yet another class materials proposed as bile acid
sequestering agents comprises particles comprising
amphiphilic copolymers having a crosslinked shell domain

and an interior core domain (Patent application no. PCT/US
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PCT/ US97/ 04946ichgrein incorporated by reference. Still further |BAT

inhibitors useful in the present invention _ ,
A combination therapy of acipimox and simvastatin

25 shows beneficial HDL effects in patients having high
triglyceride levels (N. Hoogerbrugge et al., J. Internal
Med., 241, 151-55 (199%97)).

Sitostanol ester margarine and pravastatin
combination therapy is described by H. Gylling et al. (J.

30 Lipid Res., 37, 1776-85 (1996)). That therapy is reported
to simultaneously inhibit cholesterol absorption and lower
LDL cholesterol signifiéantly in non-insulin-dependent

diabetic men.
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angina pectoris, atherosclerosis, combined hypertension
and hyperlipidemia, and to treat symptoms of cardiac
arrest. Buch et al. describe in PCT Patent Application
No. WO 9911259 a combination therapy comprising amlodipine
and atorvastatin.

Scott et al. (PCT Patent Application No. WO 9911260)
describe a combination therapy comprising atorvastatin and
an antihypertensive agent.

Dettmar and Gibson (UK Patent Application No. GB
2329334 A) claim a therapeutic composition useful for
reducing plasma low density lipoprotein and cholesterol
levels, wherein the composition comprises an HMG CoA
reductase inhibitor and a bile complexing agent.

The above references show continuing need to find
safe, effective agents for the prophylaxis or treatment of

cardiovascular diseases.

Summary of the Invention

To address the continuing need to find safe and
effective agents for the prophylaxis and treatment of
cardiovascular diseases, combination therapies of
cardiovascular drugs are now reported.

Among its several embodiments, the present invention
provides a combination therapy comprising the use of a
first amount of an IBAT inhibitor and a second amount of

another cardiovascular therapeutic useful in the

~ CH3S03 0
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prophylaxis or treatment of hyperlipidemia,

atherosclerosis, or hypercholesterolemia, wherein said
first and second amounts together comprise an anti-
hyperlipidemic condition effective amount, an anti-

5 atherosclerotic condition effective amount, or an anti-
hypercholesterolemic condition effective amount of the
compounds. For example one of the many embodiments of the
present invention is a combination therapy comprising
therapeutic dosages of an IBAT inhibitor and a bile acid

10 sequestrant. A preferred embodiment of the present
invention is a combination therapy comprising therapeutic
dosages of a benzothiepine IBAT inhibitor and a bile acid

+  sequestrant.
A further embodiment of the instant invention

15 comprises the use of any of the cardiovascular combination
therapies described herein for the prophylaxis or
treatment of hypercholesterolemia, atherosclerosis, or
hyperlipidemia. Therefore, in one embodiment the present
invention provides a method for the prophylaxis or

20 treatment of a hyperlipidemic condition comprising
administering to a patient in need thereof a combination
in unit dosage form wherein the combination comprises a
first amount of an ileal bile acid transport inhibiting
compound and a second amount of a bile acid sequestering

25 compound wherein the first amount and the second amount
together comprise an anti-hyperlipidemic condition
effective amount of the compounds.

In another embodiment, the present invention provides
a method for the prophylaxis or treatment of an

30 atherosclerotic condition comprising administering to a
patient in need thereof a combination in unit dosage form
wherein the combination comprises a first amount of an
ileal bile acid transport inhibiting compound and a second

amount of a bile acid sequestering compound wherein the
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anti-atherosclerotic condition effective amount of the
compounds .
In still another embodiment, the present invention
5 provides method for the prophylaxis or treatment of

hypercholesterolemia comprising administering to a patient
in need thereof a combination in unit dosage form wherein
the combination comprises a first amount of an ileal bile
acid transport inhibiting compound and a second amount of

10 a bile acid sequestering compound wherein the first amount
and the second amount together comprise an anti-
hypercholesterolemic condition effective amount of the
compounds .

Further scope of the applicability of the present

15 invention will become apparent from the detailed
description provided below. However, it should be
understood that the following detailed description and
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only since

20 various changes and modifications within the spirit and
scope of the invention will become apparent to those

skilled in the art from this detailed description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25
The following detailed description is provided to aid

those skilled in the art in practicing the present
invention. Even so, this detailed description should not
be construed to unduly limit the present invention as

30 modifications and variations in the embodiments discussed
herein can be made by those of ordinary skill in the art
without departing from the spirit or scope of the present

inventive discovery.
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1nclud1ng the contents of the references cited within
these primary references, are herein incorporated by

reference in their entirety.

5
a. Definitions
The following definitions are provided in order to
aid the reader in understanding the detailed description
of the present invention:
10 “Ileal bile acid transporter” or “IBAT” is synonymous

wiéh apical sodium co-dependent bile acid transporter, or
ASBT.

“Benzothiepine IBAT inhibitor“ means an ileal bile
acid transport inhibitor which comprises a therapeutic

15 compound comprising a 2,3,4,5-tetrahydro-1-benzothiepine
1,1-dioxide structure.

“Combination therapy” means the administration of
two or more therapeutic agents to treat a hyperlipidemic
condition, for example atherosclerosis and

20 hypercholesterolemia. Such administration encompasses co-
administration of these therapeutic agents in a
substantially simultaneous manner, such as in a single
dosage form having a fixed ratio of active ingredients or
in multiple, separate dosage forms for each inhibitor

25 agent. 1In addition, such administration also encompasses
use of each type of therapeutic agent in a sequential
manner. In either case, the treatment regimen will
provide beneficial effects of the drug combination in
treating the hyperlipidemic condition.

30 The phrase “therapeutically effective” is intended to
gqualify the combined amount of inhibitors in the
combination therapy. This combined amount will achieve
the goal of reducing or eliminating the hyperlipidemic

condition.
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including atherosclerosis and hypercholesterolemia.

. ~~nu

5 b. Combinations

The combinations of the present invention will have a
number of uses. For example, through dosage adjustment
and medical monitoring, the individual dosages of the
10 therapeutic compounds used in the combinations of the
present invention will be lower than are typical for
dosages of the therapeutic compounds when used in
monotherapy. The dosage lowering will provide advantages
including reduction of side effects of the individual

15 therapeutic compounds when compared to the monotherapy.

In addition, fewer side effects
compared with the monotherapies
patient compliance with therapy

Another use of the present

of the combination therapy
will lead to greater
regimens.

invention will be in

20 combinations having complementary effects or complementary
modes of action. For example, IBAT inhibitors decrease
reabsorption of bile acids in the ileum by inhibiting bile
acid transporters in the wall of the ileum. In contrast,
bile acid sequestrants act in the intestinal tract to

25 seqguester bile acids and, sometimes, cholesterol. A
therapeutic combination of an IBAT inhibitor and a bile
acid sequestrant will, when dosages are optimally
adjusted, further decrease overall reabsorption of bile
acids and cholesterol in the digestive tract to a greater

30 extent than either component of the combination will do
under monotherapeutic conditions.

Compounds useful in(the present invention encompass a
wide range of therapeufic compounds. Some IBAT inhibitors

useful in the present invention are disclosed in patent
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reference. More IBAT inhibitors are described in
PCT/US97/04076, herein incorporated by reference. Still
further IBAT inhibitors useful in the present invention
are described in U.S. Application Serial No. 08/816, 065,
herein incorporated by reference. More IBAT inhibitor
compounds useful in the present invention are described in
WO 98/40375, herein incorporated by reference. Additional
IBAT inhibitor compounds useful in the present invention
are described in U.S. Application Serial No. 08/816,065,
herein incorporated by reference. Further IBAT inhibiting
compounds useful in the present invention are disclosed in
U.S. Patent No. 5,994,391, herein incorporated by
reference. IBAT inhibitors of particular interest in the
present invention include those shown in Table 1, as well
as the diastereomers, enantiomers, racemates, salts, and

tautomers of the IBAT inhibitors of Table 1.

"'OCH O

Table 1.
Compound Structure
Number
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liquid, a solid dispersed in a liquid, or in a capsul e.

. of cours d on a nunber of factors such as the spegifi ound
chosen, G%"?ﬁgﬁgse fox which it is jgntended, the node ofpgyggﬁﬁgg?ation
and the clinical condition of the recipient. In general, a total daily dose
of an | I can be Tn tne range,or gromrapodt 0.0l to apout 000
15 ny/ da}, preferaply fromabout 0.1 ng tNAbout 50 ny/day, nore preffrably
fromabopt 1 to abjout 10 ng/ day.u&or i b8 i d.sequestyant, a total]daily
dose canjbe in the range of from ab 50 t o about 00 ng/ day,
preferabjy from about 500 to about ng/ and nore 20 preferaply
about 509 taq, about| S, 000 ngy/ dayci ngh g a divided dose. The d:rly
doses depcribed in the precedi ng paragraphgs for the various therapeut}c
conpoundg can be adm nistered to the patignot in a single dose, or in
proporti pnate 25 | ti pl e subdoses. Suljdosey, can be adm nistered 2 to 6
times pef day. Dosges can be in sustaingd reffease formeffective to obfain
desired Jesults. .] In the case of phar‘§~-. ically acceptable salts, fhe
wei ghts ['ndigag €d [above refer to the weight of the acid 30 equrvarent} or
t he base}equival ent of the therapeutic conp dyderived fromthe saltf Oal
del i veryjof the cgnbinations of the presgqt ipnSention]can include
formul atfons, as are well known in the o proyige prolonged or
sust ai nefl delivery] of the WO 001 3872 43 June )2Q PCT} US99I 7279 drug
to the ghstrointestinal tract by any_nas . [These i nclde,
but are hot limtegd to, pH d&hsCli rel Tthe dosdge form basled on
t he chanpi ng pH of|{ the small intestine, slowdgrosioﬁan a 5 tablet or
capsule,jretention in the stomach based on—t# physical properties of] the
formul at}on, bi oadhesi on of the dosage fo t he nmucosal |ining of |the
intestinpl tract, lor enzymatic rel ease of active drug fromthe dgsage
form Fof sone of jthe therapeutic conpoundS useful in the 10 present
inventiofir (gg-g., [@M I'BAT TN biTor or & @=TP Tnaibitor),the rnremnd
effect ip to extend the time period ovey #hich eNactive drug nolecle is
deliverefl to the slite of action (ers $fe—i\l eym) by mani pul ation of [the
dosage fprm Thus,| enteri c-coat ef oated 15 controlled re ease
formul atjons are wWithin the scop ¥ i nvention. Suitable
enteric foatings incIuquc%IIH 3 pht haNate, pol yvi nyl acet atfe
pht hal at g, hydr ox propylnﬁtﬁ? ceIIqusesphthaggte and ani oni ¢ pol ynerf of
met hacry|ic acid gnd nmethacrylic aci d_oethyl ester. The conbinati gns of
t he presgnt inventlion can be delivey ally either in a solid, in gr
sem-sol|d, or injaliquid form aliquid or in a sem-solid form
t he conb}nati ons t he present can, for 25 exanple, be in fhe
formof R liquid, |syrup, or contained in a gel capsule ée; ., a gel kap).
I n one efbodi ment,} when an i BAT inhibLégL\is used in a Ednbination of| the
present fnvention,| the | HAT inhibitor Xan rovided in the form of
| iquid, pyrup, or [contained in a gel 30 capsul .Okg/gqgther enbodinenf,
when a bjle acid slequestrant is used in a conbinatron 9& hhg gfesent
i nventiobh—the hille acid~sequestrant can he proyvided in FHa Fata of al



a 1 WO 00138728 ~3 23 June 2003 PGI/ US99r 17949 Pharmaceuti cal conpositions

accordlng to the present i nvention include those suitable fgédg ‘03rectal,

t opi cal , ccal , sublingual), and parenteral (e. g. eous

i ntranusc ‘5%””7 tradernal or intraygnous) 5 adnlnlstratpgﬁ ?#ld gh the

nost suitable route in any glven case w || depend on the nature and
1 al U J A

severity ¢ ul ar
conmpound :
adm nistration is ¢ aci @& sequestrant will {be

adm ni stefed oral Iy Pharnaceut' itNoné suitable for oral
adntnlstrn y , such as capsul es,
cachets, g a\15 predeterm ned anmoupt of
at | east ?ne thera-euq ' i/t he phesefit invention; as ¥
powder or Jgranul es;| as é séfutlon or a suspem%g?n in an aqueous or
non-aqueows liquid;} or as an oil-in- er-in-oil enmulsion. As
i ndi cat ed] such conpositions can bg=prepared by any 20 suitable nethod]of
phar macy ﬁhlch incljudes the step o i i ng into association the actiye
conpounds 3 stit@ie one or nore accessory
ingredien§s). In general, the composttTORs arg prepared byjuniformy apd
intimatel ¥y adm xi ng the active conpound 2%y iquid or finely d|v ded

solid carfier, or Pboth, and then, if neces$ary, Sha t pe product. Fpr
exanpl e, tabl et clan be prepared by conpressing or nDIdl iﬁﬁm?r o]
granul es ¢f the conpound, optionally with one or nore aSSPSSOL

i ngredi ents. Bcéﬁpr-ssed tablets can be 30 pue y—-eQnpr essi ng, in ?
sui tabl e chi ne, sttcch as a powde} or
granul es ¢ptional | nert diluent and/ pr

PCTNS99I 17949 34 t [ i yabl e machi ne| the
powder ed i i I i OpH-e g — Pharmaceutich
conpositi i sub Ilnguag) adﬁbnlstratlon i ncl ude

| ozenges ssent i nvention in a flavoref
base, usudlly sucragse, h, and pastilles conpris}ng

t he conpogind in an finert base such as g-‘ and glycerin or sucrose and

acaci a. Pharmaceutical iti i e parenteral 10

conmpound
adm ni st efjed_i c all 5 adm_ni 0On_C s _he o O
means of , or @ gfhdernal i nj ectlon 15 Sucn
preparati ¢ns can conveniently be prepa d adm xi ng A he conpound with
wat er andJrender|no the resulting so onic with tre
bl ood. Injectable efition will general {y
contain fgom 0.1 to gsed herein. 20

Phar maceugi cal co ,adntnlstratlon are
preferabl y presented as unit-dosel suppositdries. Ofhese can be prepared]|by
adm xi ng & conpound of the present invg OQ Wi th one or nore conventldnal
solid carfiers, for| exanple, cocoa but{ #5 and then shaping the
resul ting]m xture. {Pharmaceutical conpoXy bns suitable for topica
applicati*n to the |skin preferably take Ahe formof an ointnment, crea

bd by

| oti on, pgste, gel,| spray, aerosol, or Lil. Carriers which can be used
include p¢troleumijjelly 30 (e. g., ¥aS€line), lanolin, polyethylene

gl ycol s, alcohols, and conbinations of two or nore thereof. The active
conpound is generally present at a concentration of fromO0.1 to 50% w w of _
the conposition, for exanple, fromO0.5 to 2%




WO 001 38728 3~ i 23 June 2003 pCT/ US99I 27949 Transdernmal adm nistration is
al so possible. Pharmaceutical conpositions suitable for trangglgife003

adm ni st a3 eeg7gan be presented as discrete patches adapﬁ@guggg,zn,%m nin
intimate contact with the epidermsi® of the recipient for a prol onged
period of tine. Such patches suitably contain a conpound of the present
invention im-a3 opfionally buffered, aqueoys s@ ution,_dissolved and/pr
di sperseq in an adhesive, or dispersed in a
concentrdtion of the active 10 conmpound-ks_agk o 35% preferably
about 3%to 15% As one particul ar po$ I " conpound can be
delivereq fromthe| patch by el ectrotrg i pntephorgsi s, for expnpl e,
as descrifbed i n Pharmaceutic H sear chy B (1986 15 In any Lase,
the anouft of actile ingredient?tHat can be GOﬁblﬂ% with carrier matgrials
to produge a single dosage formto be adm niStered W || vary dependi ng upon
the host jtreated and the particul ar node gdm ni stration. 20 The so}id
dosage f?rns for oral adm nistration inc j capsules, tablets, pil}s,
powder s, Jgel caps,| and granul es noted aboxe cQnpri T ORe-or nore conppunds
usef ul ih the presgnt invention adm xed with aty ne inert diluent
such as g$ucrose, ljpctose, or starch. Such dosage 25 ornms may al so
conprise} as in nofmal practice, additional substances other than ineft

diluents} e.g., lupricating agents such as nagn- n1stearate or

sol ubili #i ng agentls such as cycl odextrins. In oF capsul es,

t abl et s, jpowders, oranules gel caps and p||| 6§hge forns 30 nay
al so conprise-huffe —atre ab atre c-at—add v

or or al adnlnlstration
tions, suspensj ons,
a 23 June 2003 WO

. R<14 .
preparedjw t'h enteyic coatlngs L|qU|d
can incl gde pharnmaceutical |y acceptabl e
syrups, @nd elixirps containing ine
00/ 38728 | PCTI US99~R7949 36 comoi such as water. Such
conposi tifons may aJ so conprise ag ing agents,
emul sifyijng and sufg pendlﬂg gg S, , avoring, and perfum ng
agents. 3% Injectabl e prepdrations, for exanplé@ sterile injectabl e agueous
or ol eagijnous suspensi ons may be f or mul a¥ ed acc%%dlng to the known ar

usi ng suift abl e di spersing or setting s and suspendi ng agents. Th
sterile ifnj ectabl e| preparati on may 3 @ a sterile 10 injectable sof ution
or suspefsion in al nontoxi c parent elRg gccept abl e diluent or solveng, for
exanpl e, Jas a solufion in 1, 3-butaned “NAnmong t he accept abl e vehicles and
sol vents]that may pe enployed are water, Ri Nger Ql ution,- and isotopic
sodi um cll ori de soj ution. 15 In addition, sHeril} ed |s are

conventi ¢nal ly enp| oyed as a sol vent or suspendi/ gdi For this pprpose
any bland fixed oi] may be enpl oyed incl udi ng synte 'cuﬁ;ﬁa’jn¥

di gl ycerijdes. In addition, fatty acids such as oleic a Ligﬁd use injthe
preparatifon_of 20 I njectabl es. Pharnmaceutically acceptabl arriers
enconpass all the foregoing and the like. In conbination therapy,

adm nistration of two or nore of the therapeutic agents useful in the
present invention 25 may take place sequentially in separate fornul ations,
or may be acconplished by sinmultaneous adm nistration in a single
formul ati on or separate formul ations. Adm nistration nmay be acconplished by
oral route, or by intravenous, intranuscular, or subcutaneous injections.
30 The fornulation may be in the formof a bolus, or in the form of aqueous
or non-aqueous isotonic sterile injection solutions or suspensions. These
sol utions and suspensions may be prepared fromsterile powders or granul es
havi ng one or nore pharmaceutically-acceptable carriers or 23 June 2003
WO 001 38728 PCTI US99I 27949 37 diluents, or a binder such as gelatin or

hydr oxypr opyl net hyl cel |l ul ose, together with one or nore of a |ubricant,
preservative, surface active or dispersing agent. S For ora

adm ni stration, the pharmaceutical conposition nay be in the formof, for
exanple, a tablet, capsule, suspension, or |liquid. Capsules, tablets, etc.,
can be prepared by conventional nethods well known in the art. The

phar maceuti cal conposition is preferably made in 10 the form of a dosage
unit containing a particular anmount of the active ingredient or

i ngredi ents. Exanples of dosage units are tablets or capsul es. These nmay

wi th advantage contain one or nore therapeutic conpound in an anount
descri bed above. For exanple, in the case of an




15 | BAT i

S00 ny/day or any ot her dose,

known in

can be from about 1,000 ng/day to ab@ot 30,000 ny/day or any
dependent upon the speC|f|c bil e acid sequestrant,

The activp 1a0igdi gnts may al SO be adm ni s eped By

conpositipn wherein, for exanple, saline, dexkhﬁse d as
a suitablp carrier.| A 25 suitable daily da

conpound | s one that achi eves the sane

oral admpistration as descri bed above.

further bp adni nistlered by any i, et ¢ / ov al / par ent erfal ,
or 30 parenteral/parenteral ﬁ13e Phar maceut i £al @pnpositions for usq in
the treatpent nethqgds of the present inventi g may adm ni stered in Joral
formor by intravempous adm nistration. O g inistration of the

conbi natipn therapy is preferred. 23 Ju ¥ 3 WO 00l 38728

PCT/ US991¢ 7949 38 [posing far oral adm nist gn may’ be with a reglnen
calling fPr singleldaily dose, or for a single every ot her day) for
mul tipl e,] spaced dﬂses t hroughout the day. The tHerap#utic conpounds ﬁhlch
make up the 5 conbiinati on therapy may be admi nistered sinultaneously,
either inl a conbingd dosage f ﬂrau%l §ag farms intended |f or
substantijplly sinuljtaneous ora éﬁ%p éﬁ;ﬁﬁﬁ erapeuti c conpoynds
whi ch nmake up the ¢onbination th ra y a e adn?nlstered 10

sequentia) ly, withjeither therapeutlc conpound being a ni stered by &
regimen cplling fon two-step ingestion Thus, a regineh may call for
sequent i aBrd®i s{ration of the thera?butlc conpounds with spaced- apdrt

i ngestiont of the sgparate, active d@eg The tine period between the |15
nultiple §ngestion|steps may rapge_frofm es to several hourg,
dependi ng| upon theflproperties (0 uti c conpound such as potjency,
solubilitl, bioavaiflability, e_and . kinetic profile of tjhe

t her apeut] ¢ conpound, as™wel & depsndi ng upon the~20 effect of food

i ngestion] and the gge and dndition of YThezpatient. Circadian variatidn of
the targef nol ecul ¢ concenthatlon may 2| so‘det ermine the optimal dose
interval .} The therapeutic conpounds gft{e conbi ned theragy]whet her
adm ni st efed si nul aneously, substa 25 sinul taneously, or

sequential ly, may iinvol ve a regi nen g for adm

t her apeut]) c conpouﬂd by oral route am

i ntraveno . S s or apeutic ¢

t her apy aEe Bahd ni gt er ed by oral or int@q\ ous route 30 separately qr

t oget her,| each such therapeutic conpound |l be coptained in a suitaldle
pharnaceuilcal fornul ati on of phapr cal | - a£cept abl,e exci pients
diluents pr other flornul ati ons cofjponents. sui tabl e

phar maceufi cal | y-agcept abl e fornullati opg contaf ning the ~ 23 June J2003
WO 00f 3878 PC Tl U$99127949 } ipounds for oral

adm ni strjption arejgiven aboveL Treatnent Reg|%§ 5 The dosage reginerjf to
prevent, pive relief from or amelioratefa di sedSe congh.tg on having
hyperli pep a as anjel enent of the dig e.g., ath roé%ler05|s or t

pr ot ect ai nst or |treat further hig esterol pl\asna or bl ood | eve s

wi th the fonpounds|and/or conpositio 10 the prekent tion is
selected | n accorddance with a variety ) X se~incl ude t he type,
age, weight, sex, diet, and nedi cal g patient, the sevegrity
of the difease, the¢ route of adminis® macol ogi cal consi deragions
such as the activity, 15 efficacy, phatmacy ics and toxicology profiles
of the pajticular gonpound enpl oyed, whetheN-a-drug delivery systemis
utilized, and whether the conpound Is admnistered as part of a drug

conbi nati on. Thus, the dosage regi nen actually enployed nmay vary w dely and

nhi bi t or,

WorooRkhs |

t he dose range may be from about 0.01 ng/day to about

n the case of an bile acid sequestrant, fggﬁah
er

as is known in the

dependent upon the specific inﬁ&hum52003as is
o’ ange

dose,
art.

20 therefore deviate fromthe preferred dosage regi nen set forth above.



initial treatment of a patient suffering froma hyperlipiden c condition
can begln with the dosages indicated above. Treatnent shoul @3dene?®3 y be
cont i nuawo 8f3gase necessary over a period of several weekedruseydqal nont hs
or years until the hyperlipidenic dlsease condition has been controlled or
elimnated, Patients undergoing treatnment with the conpounds or
conposi tli ors-18 schosed herein can be rgutnhely noni tored by, for exagple,
30 neasyring serumm LDL and total chol es®™ /ol | evel g any of the methods
well kndwn in thejart, to determ pe ir+edess of the combinafi on

t herapy.f Conti nuogis anal ysi s of ication of th
treatnert regi nenjduring theL\py effective 23 JuneL§003
WO 001 34728 PCT/ UE99/ 27949 40™ W type of therapeutic cofpound
are admilni stered at any point |n tine, gnd sdohat the duration of

treatnerft can be ueternlned as wel | . km\this way, the treatnent
regi nen/jdosi ng schedul e can be 5 rat y nodi fied over the coursejof

R

t herapy §so that the | owest anount o t her apeut j/C cefgfdunds whi ch

t oget her] exhibit ¢$atisfactory effectiyeriess is M nistered, and so ihat
adm ni stfration is{continued only so Vong as i necéssaky)gp successf il |y
treat the hyperlipidenmic 10 conditi tial advant@age of the

conbi natfi on therapy di scl osed herein
i ndi viddal therapgutic conpound, or all t

uced dosage anmpount of fany
eutic conpounds effecyive in

20 inverftion conpfises a conbiyat A oLl si ng the use of ajfirst
amount df an | BAT}i nhi bitor andNa seCond-amgunt of anot her car di ovasdul ar
therapedtic useful in the prophyl axis of tr@&Hnment Cof hyperlipi deniafor

at herosdl erosi s, erein said first d Second anoufts 25 together c¢nprise
an anti-fhyperlipi flem c condition effdg e anmount _or F,
anti-atherosclerofic condition effectiye amount of said conpounds. F¢r
exanpl e Jone of th¢ many enbodi nents oQ)the pr eger@Hj nvention is a

combi natli on therapy conprising therapeutiexdospges of an 30 | BAT |nh¥bitor
and a bille_acid sequestrant A preferred e lnent of the present

i nventidn iB-20 cofbi nati on therapy conpri si ndP%Her apeuti c dosages of {a
benzot hijfepi ne I BAT inhibitor and a bile acid gequestrant. - 23 Junq 2003
WO 401 39728 PCT/ U991 27949 H4CO

treating YPETd TP UE O1TC O ICAT A SIme v e

hyper chdl est erol efi a. The dosage IomeK?pg w | | prOV|de advant ages i n¢l udi ng

reducti dn of sidejeffects of the | Vi (s t her gpeut i ¢ conmpounds whén

conparedq to the npnot herapy. One o @- al~enmbodi nents of the pgesent
[
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261B- 27 gaCel 262B- 280negaCel 263B gaCel
266B- 32 gaCel 26YB- 330negaCe] 268B aCel
271. B- 37l0megaGel 22B- 380megaGeh 3 el 196276
B- 3MCl - §96277B- 4MCI - 196278B- 5NC| 196279B- 6B/CI -496280B- 7MCl - 196281B- 8§/l - 196
282B- OM}l - 196283H{ 10MCI - 196284B-I 1MCl - 196285H II\CI - 196286B- 13MCl - 19$287B- 1
4MCI - 194288B- 15MC) - 196289B- 16MCI - 196290E S - 196291B- 18MCl - 196292B1 19MCI -
196293B-)20MCl - 196 E998— 21MCI - 196295B- 22 M qR96B- 23MCl - 196297B- 24MCY - 19629
8. B-25NCI -1 96299B- 26MCl - 196300B- 27MCI - R 28MCI - 196 23 June 2903 WO
001 38728 PCT/ US99t 17949 49 c1”

302B- 29NCI - 196303B- 30MCl - 196304B- 31MCI - 196305B- 32MCl - 196306B- 33MCl - 196307H-
34MCI - 196308B- 35M1 - 196309B- 36MCI - 196310B- 37 2 311B- 38MCl - 19631 24 39MCI
- 196313 1DMP- 504814H- 2DVP- 504315H 3DVP- 50431pH- 4 -504317H 5DMP- 504318B- 6
DVP- 504319H 7DVP- $04320B- 8DMP- 504321 H 9DMP- S04322B” 10DMP- S04323H- 11DP- 5043
24H 12 13DMP-504326B- 14DVR- S04327B- 15DM -504328B-16DMRP-504329B- 1
7DMP- 5043308-4%BDIVP- S04331B- 19DVP- 50433& 20DVP- 504333B- 21 DVP- 504334B{ 22 DVP-
504335B-R3DVP- 504836B- 24DVP- 504337B- 6DVP- 504339.

B- 2?DWVP-§504340B- 28DVP- 50434 1B- 29DR 50437 23 June 2003{WO

001 38728 PCTI US991+27949 ~0

343B- 310VP- S04344B- 32DVP- 5Q4345 A 46}4-34DVP- 504347B- 35DVP- 534348B-
36DVP- S4349B- 37DWP- S04350H-"3 ,39DIVP 504 Bl OL~Od CAh ASSAYS The

utility jof the cofrbi nati ons qf t he presaent i nvention can be shown Ry the
foll ow rjg assays. | These assays are peFay e invitro apd_in ani mal nodel s
essenti @l |y usi ng‘ procedures recogni p show t he ut| I ty of the prjesent
inventign. 10 In Vitro Assay of conpo ‘ | nh| b BAl-yredi at ed (pt.ake
of (14c]] - Taurochplate (TC) in Fil 4 7 MC{{ ég:héi/ cell s (BHK)
transfeqiedgWF N {he CONA of human T HAT L4 cel | S) are 10 be seeded |at
60, 000 l1s/well]in 96 well Top-Count tiYsue culture plates for 15 4ssays
run within in 24 hours of seeding, 38%\00Q %ers/well for assays run dithin
48 hourg, and 10, 900 cells/well fo 3 i thin 72 hours.

Sy




On.the day of assay,
assay buffer

Dot o b Ay

~t |

the cell nonolayer is gently washed once with 100
(Dul becco's Modified 20 Eagle's nediumwi th 4. 52(gJUneg!0030
acid free bovine serum al bum n- ( FAF) BSA) S86ky we
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rate of 0.25 m/mn for
every 3 mnute for the first 27 minutes of the procedure.

21 min. Hle sanples fractions wll

10 be collected
AfzaeJunemeozl mn

of sanpl n, the ileal loop is washed out with 20 ¢n PBS
(using agggaﬁyﬁggrlnge) and then tye | oop i s washed outP?H"%%1 mn wth
warm PHS at 0.25 ml/min. A second perfusion is to be 15 initiated as
descri bedq alpvey buf wth test conpoun E el as m n
adm ni strjati on fol fowed by 2 ﬁ b|Ie to be sanpl edjevery
3 mn forf the first 27 mn. \f necessary, rd/perfusion will be
perforned as above|that typi@ally contains the C rol 20 sanple.
Measurengnt of Rat|Fecal Hi{e Acid Concentration (FBA) Total fecal oufput
fromindijvidual |y housed rajs is to be collected f 24 or 48 hours, dried
under a qtream 25 pf nitrogéen, pulverized, m xed, an@ wei ghed.
Approxinmgtely 0.1 pramis i ghed out and extracted knto an organi c s¢lvent
(but anol fjwater). Fpll ow ng’separation and drying, the yesidye is diss¢lved
in nethajol and thg amount of bile acid present wll neas d
enzymati qal |y using the 30 3a.hydroxysteroid steroid deR ggenase refction
with bilgq acids to|reduce N he Mashige, F. et al. Chem , . 2¢Y
1352 (1981), hereip incorpo by reference). T 23 003 WO
00/ 38728 PCTIU899IZ7949 ~3 Ra Gay) e Assay Mal e W st { (27p=3Q0g) are
to be addfini stered T |nh| bliors using an oral gavags procdu g or
vehicl e (0.2%)TMEEN/§ ) tered once a (9 19: 0
a.m) fod 4 days al “var nosag.\ ina final volune of “wger Kil pgram
of body Jei ght. (TMEEN 8Q a 20 ar polyet hyl eneoxi ¢é Sorbitan
nonool eatle surfact?nt manut aci-8r ed by I Specialty Chemicals, WI mngton,
Del aware,] U.S. A.) (lfotal f ecaf nples are 10 collected ng the fingl 48
hours of {the treatpent period and anal yzed for bile acyd content using an
enzymati ¢ assay as| descri bed bel ow. Conpound efficacy W be determ ped by
conmpari sqgn of the | ncrepse incbemdledille acighd RRAyetaPeenération in
treated fats to the nean 15 FBA glgrodnpohgneonchhinats 1 n the vehicle group
rj' H taurjochwlzat e Upt ake 1 n Rabbit HrushyBoroder Menbrane Vesicles (BH*V)
Rabbit Iljeal brush|{ border nenbranes are tBV%e 20 pre ed fromfrozen}il ea
mucosa by the cal cj um precipitati on pethRg( de‘cr hl athi et a
(Bi ochi mjca Bi ophysi ca Acta) S54, 2 cor por at ed by
referencd). The nefhod for neasox| g ad™Q~hg ate is essentially as
descri beq by Kranmef et al. 25 (Bi$chinica.-|oChy ica Acta) 1111, 93 (1992),
herei n incorporated by reference) 'exce the assay volunme will be 200]~C1
instead ¢f 100 ~Cl] Briefly, at roomt ture a 190 ~C1 sol ution
containigqg 2~-M['N -taurocholate (O . C) , 20 MMtris, 100 nmM Nad ,
100 mMM mgnnitol pH 7.4 is 30 incubated ec withcl0 ul of brush border
menbr ane jvesi cl es {60-120 ~Cg protein)g batjon is initiated by the
addi tionjof the BBW whil e vortexing an -ctl to be stopped by
the additflion of 5 1 of ice cold buffer -tf\ 150 mM KC1
fol | oned 23 June| 2003 WD 00l 38728 PCTN899IZ7949 5 dlately by
filtrati gmtgmopghfanytonrfriter—0-2 \ﬂl ppT e —and—an additionat—S
wash witlf stop buffer. /[::]i::><::ji::/
~
) § %u
\_ 7/




Acyl - CoA; Chol esterol Acyl Transferase (ACAT) 5 Hanster |iver and [at
intestinal mcrosones are to be prepared fromtissue as desZﬁﬂUna£003

previ ousk,gb 0}33 Jgi ol . Chem, 285, 9098 (1980), herein incgy Cpmﬁq

reference used as a source of ACAT enzyne. The assay W conS|st of a
2.0 m incubation contalnlng 24 ~ hﬂ(]eoyl CoA 10 (0 05 ~.Cd) in a 50 nM
sodi um poSpNag ' f '

I
of m crogonal proteln The assay will OT tlat y t he addltlon of
ol eoyl - : action proceeds for in and will be term fhated
by the agdition off 8.0 ml of 15 chl thanol (2:1). To the

d 125 ~g of choleﬁteroL§oIé@ﬁe in chloroform met han

separated by centr| fugation after thore~ vortexing. The chloroform
is to befjtaken to [dryness 20 and then spotted on a silica gel 60 TLC
and develjoped in hexane/ethyl ether (9pl). Rhe arBunto®f chol esterol
formed Wl | be detlerm ned by neasuring t anmopunt of radioactivity

i ncor por 4t e@-3at o {t he chol esterol oleata)spot on,the TLC plate with a
Packard 25 | nstainmger. Measurement Q -§ \ Zhol esterol Concentratjon
(HEPATI CJCHOL Livegr tissue is to be y = pogeni zed in 30

chl orof ogm net hangl (2:1}. After hgmo zafjon and centrifugation th
supernat gnt i s separated and driedlunderihitfb@en. Tthe residue is to be
di ssol vedl in isoprjopanol and the chol eg ol conjgng-ni-l 1 be neasured
enzymati ¢al ly, usijng a conbi nati on of esterol oy dase a 23 June|2003
WO 00l 38728 PGTI U399I 27949 5~ and per o¥i dase, as described by Allain, |C A
et al. in. Chem, 20, 470 (1974) (he?érﬁvfﬁaszﬁprated by reference]. 5

Measuremgnt of Heplatic HMG CoA- Reduct ase Acti vilt (HMG COA Hepatic
m crosomgs are to [pbe prepared by honpbgeni zing liJver sanples in a
phosphat ¢/ sucrose fpuffer, followed by . centriB@gal separation. The final
pel | etedjma®enisal s 10 resuspended in buwdf@r and_.an aliquot will be
assayed i Vi e

in the pfesence of} 1' G HMG CoA (Dupon

: action i s stopped |
4 Ilquot of the supernat al

15 separ 4t ed, by thin-layer chronmat dgrapi‘, aRH t he spot correspondi ng

the enzynpe product is scraped off the p, », extrached and radioactivijty is

determ n¢d by scintillation counting. (R
Bj or khe J. Lipid Res. 31, 2459 Q M
Chol est ee Hylhoxy : ‘%?“’.'~-=. ¢ to
be prepa edeﬁeho -gen|2|ng I|ver saaneQES ap phate/sucrose buffrr,
fol l owed]by 25 cengtrifugal separatio \ pelleted material is
resuspended in buffer and an aliquot be ayed for
N N (s
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chol esterol 7-a-hydroxylase activity by incubating for 5 mnutes at 37 Cin
t hee presence of NADPH. Foll owi ng extraction into petrol eum @B8hklane 2008

or gani ¢ wgloysfbg i S 30 evaporated and the residue is di 3519&1"/6@9%%49
acetonitrile/ methanol. The enzymaty;c product will be separated by

injecting an aliquot of the extract onto a C18 reversed phase HPLC col um
and quanfTtatrpg tfhe elfuted natertal o V® 00T 38728 UsIng wdetection at
240nm al. (1994) [J. din. Invest. 56 23 dupne 2¢03 PCTI US99I 17949
(Referente. Hortor]) J. D., et 93, 20 gr gt i on of Serum Chol gst er ol
| SER. CHOp, HDL-CHQL, 5 TG and VLB AJUHBL) Jotal seatyum chol esterol

(SER. CHOL) are to |be nmeasured enzymati caldl y 2si ng comercial kit frjom
Wako Finp Chemicalls (Richnond, VA); ChpFestePBl CliM¥htal og No. 276-}649009.
HDL chol psterol (HDL-CHOL) will be assydgd 10 usi this sanme kit aftler
precipitphtion of WVLDL and LDL with Sigma Chem cal/ Co. HDL Chol ester ol
reagent, | Cat al og . 352-3 (dextran sd@iafé«ﬁb%hgﬁ). Total serum
triglycefidBs3@bl gnked) (TA) wil b be assayed enzymatically with Signa
Cheni cal } Co. GPO Trinder, Cata 15 No. 337-H. VLDL and LDL (VLDL + |LDL)

chol estefol concerftrati ons w e urated a@s the difference betwden
total anfl HDL choljesterol ~ re Hanster Fecah Hile Acid
Concentr fti on( FHA |20 Total%fecaLiod;put fron1indivf§%§IIy housed handt ers
is to bejcollectedq for 24 or 4 uftsy dried und t of nitrogen

pul veri zpd and weijghed. Appr ox ely 0.1 gram. (ghe and extjracted
into an prgani c sqglvent (butanoljwater). F Ilom#ng sgpatation and drying,

25 the rpsidue is|dissolved in the a -Gip dPHbile acid dresent
is neasufjed enzyndgtically using{the 3a steroi§$teroid dehydrodenase

reactionfwith bild acids to reddce NAD. (1 Fo et al. din. Chgm,
27, 13521(1081) Herein. incarporsated by ref@ ence). 30 Dog Mdel fo

Eval uating Lipid Lowering Drugs Mle béagle dogs,robtained froma vendor
such as Marshall farms and wei ghing 6-12 kg are fed once a day for two
hours and given water ad |libitum Dogs may be randomy WO 001 38728 ~7 23
June 2003 PCTI US99l 17949 assigned to a dosing groups consisting of 6 to 12
dogs each, suc : vehicle, i.q9.: |lmy/k i..9.;..2my/ kq,. i.9.: 4_ngl/kg)
00 o5 ko, Bihe dEmhas e Shannd B i r Rt errgops ahY

t her apeut i letiidd®s i of tthes gtesht Ninvention comprise a wide variety

of structures and functionalities. Preferred bile acid
sequestrants for the present invention are described in
Table 2. The therapeutic compounds of Table 2 can be used
in the present invention in a variety of forms, including

10 acid form, salt form, racemates, enantiomers, zwitterions,
and tautomers. The individual patent documents referenced
in Table 2 are each herein incorporated by reference.
Additional bile acid sequestrants useful herein are
particles comprising amphiphilic copolymers having a

15 crosslinked shell domain and an interior core domain
(knedels, Patent application No. PCT/US 97/11610, herein
incorporated by reference). Knedels of particular
interest in the present invention comprise polystyrene-b-
poly(acrylic acid) (PS-b-PARA) crosslinked with one or more

20 polyamine. Especially preferred knedels comprise PS-b-PAA
crosslinked with 1- (3-dimethylaminopropyl) -3-
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‘-~ " 23 June 2003 WO 00l 38728 PCTI US9929949 ~9 Dog Fecal Bile Acid
Measlr enent Fecal sanples may be collected to determ ne the28duad 2603 e aci d
(FBA) corg®tdisads on for each animal. Fecal 5 collectionspapysiypsgde during
the final 48 hours of the study, fopstwo consecutive 24 hour periods
bet ween 9: 00 am and 10: 00 am each day, prior to dosing and feeding. The
separat e tmgnUaytéghabctéohsi@mesnenﬂﬂhemﬂhmMramugﬁng b@aweﬁghedicconbined
and hoane gglmnth |st|¥led i n ]6ﬁprocessor Cui si nart
gener at e a ohpgenebasTstarty dﬁtsﬁpaf%} €™ o §en SEEPCS Y be
extracted bf 8héi paksentcenvéntiom. of 50% tertiary butanol /distilled water
(2:0.6) for 45 mnutes in a 37C water bath and centrifuged for .13 m nutes
at 2000 x g. TheSEBREENT?At 1BFLUSe FFeaNgte ik i igOneHfol ESFJSFR WY be
det er nigiedcysi PGoReE ¥R! LreAZYIREhEr AT o eibubte2bond 2074 al i quot of
the fecal extract is to be added to two sets each of triplicate wells in a
96- wel | asSughpigprers areneenenekh sHiamanc rhec fomprands| usiednland a
st andardi z t tion (previously nade from pool ed sanpl es
and charac?grgggd gg@g?siﬁg%%ég%?d concentration) will also analyzed for
assay quality cﬁherobmpduﬂd$yu$efukﬂln(ﬂh&ﬂpn$QMHs ahveadiom tawoochol at e,
serially dllui a t enerate a standard curve are simlarly to be added to
two 25 set3"6tVTFi %?% Wells. A 230 ~.| reaction nixture cont ai ni ng 1M
hydrazicne hydr atkre BorihpMnﬁkyé opesh atre tmm&e%@nﬁg/lﬁbemathabo be added to
each well. A 50 ~1 aliguot of_ 3a-hydroxysteroid dehydrogenase enzyne (HSD,
0.8 un|ts/ﬁf?CB?Ségs%ﬁlﬁﬂf¥%ﬁl%@F]Fhﬁ%ﬁxﬁQhﬁspyF@ﬁﬁé§6ﬁa?§? 30 are then
added to opgogfugbe two sets of triplicates. All reagents may be
obt ai ned~from Si gma Chemi cal Co., St. Louis, MO Follow ng 60 m nutes of
i ncubation at roomtenperature, the optical density at 340nmw || be
measur ed 23 June 2003 ' WD 0038728 PCTI US99I 27949 60 and the nean of each
set of triplicate sanples will be calculated The dlfference in optical
densi tys HSD dbogages s Fo af anhe itee bff pigtradtioncentration
(mMV) of each s | e _based. on the un15 ta ochol te st.and rd curve. The
bile acid concehttafPBROSH 1PRS & fcghﬁ PRETE l&HanFOPhS Pet8l honpgenate
(grams) anddﬁbﬁlbﬂéyeﬁefqhttmé piepaniasals ane treablensedft o calculate t he
correspondbgg A cqQncentration in nmol es/kg/ day for each aninmal. The nean
FBA concenfYBEFOHAPABePHAoF L3RI RP Qﬂ“QHﬁéqﬂ§h ¥ 87r BGA"Ps to be
subt r act edpteearabey FBAaTONECRAN Ietd At OfcrGktt bgatheRe gbapbBuhdsdet erm ne

the increase (delta value) in FBA concentration as a result of the
treat mght  with their site of action in the body, for example in the

ileum, plasma, or liver of a mammal, e.g., a human.

For the prophylaxis or treatment of the conditions
referred to above, the compounds useful in the
compositions and methods of the present invention can be

25 used as the compound per se. Pharmaceutically acceptable
salts are particularly suitable for medical applications
because of their greater aqueous solubility relative to
the parent compound. Such salts must clearly have a
pharmaceutically acceptable anion or cation. Suitable

30 pharmaceutically acceptable acid addition salts of the
compounds of the present invention when possible include
those derived from inorganic acids, such as hydrochloric,
hydrobromic, phosphoric, metaphosphoric, nitric, sulfonic,

and sulfuric acids, and organic acids such as acetic,



15 Intestinal Chol esterol Absorption Assay A variety of conpounds are shown
to inhibit chol esterol absorption fromthe intestinal tract 23Thes2003

conmpound serum chol esterol |evels by reducing int hiR§dp7eRsorption
of chol esa{de@gﬁhlgr om bot h exogenous 2§ sources (dietary cﬁg{r}edsgt erol) and

endogenous chol esterol (secreted by the gall bladder into the intestinal
tract). | rodradeieens flohd cys ®edizod cdUalitirSet, 0Re Hanasia foaticQ mamhedct o
nmeasure intestinal chol eit_erol, absqr pt.i on_has been refined and eval uated as
descri bed DYORIFCey Byealicos igpthippig . rd@ctis. 326£989001694)  herein

| ncor por atredh die I @fQ5@NC Rkt haalse 1FBRR LT $uRIIGNICNI 8FuLP@s01 %R EO be.
given food and water ad libitumin a roomw th 12 hour alternating periods
of |ight dRFtaaie. Podr thdddyorepsetie Ricglds .30 Ther cbdorddehshifsier is

adm ni gt er fi LRt u (o] f.2.5 =0 _of [1s2~ hol est er ol
suspenged ﬁktllrﬁ@gﬁr?& gl}%fg?%}%ginzoghg‘%dgﬁaér g’lurggssgsc’)f Félfggh—%hol esterol
in an oi | pfamrediemnichdily tcicgpyabiledbase (saflts 2Bclude 20083nWV\am00! 38728
PCTI US99I1 27949 61 ). The i. dose.is given by injecting.a 0.4 m

vol ume of ﬁaﬁéeksl’ntarlgg?pgi H'eglajt ﬁ?étFntgblcPhgsdisggélu"?@ rBPt\?Erg'h?‘mThe or al
dose is giseAnd)y agavagkng inel e rith walu@e sokcht e Madnekshiumi xhyare introduced

intragastrically vi % a 5 polyethylene tube. After 72 hours the hansters are
bl ed and t97%4MHuFRA16F-3H and 14C in the plasma and in the original anount

of | ahgl adm nifgleeizd cake udelrenminednly phrie@end 3ehBLtLLAt hep, spectronetry.
The chol esterol absorption will be cal culated based on the follow ng 10
equat i on: dersent adisel esgrigedabsobbepharmageusighldysacpeptablef 72 hour

plasm Sarple o109 o5 Aalclech RS ErRCl 0k 1 NoUr bl asma sampl e

M cr osoma riglyceride tran I protern assay: 20 MIP can be
purified from [Theercompepsndsousefuluiad thel present. iHep62iceal tah bei ng

t andard net hod d i bed b [ t al. ta O |1 . D52,
224225 (19965 W6l CPneBr BOFAPEATDS FarELERedr. BanLeqBuAT Hnalysis of

MIP aabi Vighareizeue ipanf compdsibias .deghel bagdriyrlaldkk, ebfakouBepc. Natl .
Acad. Sci. 93, 11991-11995 (1996), herein .incorporated by reference). The
basi s of thf &5EPLHPHlE ¢7 sGrESenett PaidteroBPariBdrelithi §h¢ceri des

froma popsdlyd ahgRfeadenels ¥ESithlkesonpod iRIRW dhkomusef naecsgpt or vesicles
in the presence of 30 MIP. |nhibitors of MIP can be eval uated bX.addl ng
Lé

them to t Helfiverdoaispticot heo reréd Pigntodudtico s a8t iRFPCapok6r 2vESitdfles are
prepared Ry SORiERLION @ KR HAAURAUS sTHHWES 281 230 -RRSRRA! LRLHS,
cardiolipin, 3H Iabel'ed phospholi pid
20 the compound as a unit-dose composition, for example, a
tablet, which can contain from 0.05% to 95% by weight of
the active compound. Other pharmacologically active
substances can also be present, including other compounds
of the present invention. The pharmaceutical compositions
25 of the invention can be prepared by any of the well known
techniques of pharmacy, consisting essentially of admixing
the components. '
Optionally, the combination of the present invention
can comprise a composition comprising an ileal bile acid
30 transport inhibiting compound and a bile acid sequestering
compound. In such a comppsition, the ileal bile acid
transport inhibiting compound and the bile acid

sequestering compound can be present in a single dosage



.. (,, 23 June 2003 WO 00/38728 PCT/ US99I Z7949 62 and 14C-1| abel ed
triglycerides. Acceptor vesicles are prepared by sonicati on 23fJuag26@fueous
m xture ﬁglg hosphol i pi ds. The vesicle solutions are t her,

w th or ‘\?\nato ou%éjadded MIP i nhi bitorsg, and MIP is added to |RJ|:Z igte t he
transfer reaction. The assay is termnated after 60 m nutes by addition of

0.5 nl of £PEmb2f6el dxhmsee fHOlpOVEA DYycspstle f ugatd onidwidalh£iht he donor
nol ecul es. The amount. of 3H and 14C in the pellet and in the original
anount of SPBERLNF nPeHR Af xERe CUARRCWRESr ni ned by liquid 10 scintillation

spectronetry. Fheshi Bbapdhains!&in Nod cadihlhi bee Lot asy atgd based on first
order kinetics using the expression: [S] _ [S] 0 e-kt I5 where [S]0 and [S]
are the frapvephiopdl meangayailabhe Heomowsersibregr Wettean itk mes 0 and

t, respecti t i S.t r i . fransferred per
uni t thIP rrebhgg%%?eag@rrgc{?%i d%[ %és%ayas? n{%%%%ﬁéég&a}gnﬁéﬁldés can be assayed
usi ng st andepdun@s hodsazsa repurimat byn JoR tisedagewti @lcogmpburtdd n. | nvest .,
91, 14S3-1458 (1993 herein incorporated by reference. 25 Goups of male,
New Zeal and whTES FAOHTS b oMY Ghreh o AL i R

suppl enentkd @éesiréd I5isTeyBsderof fedel WA LOrdE dukel HaperBOtdier=s, I nc.)

Gardners, PA). Water is available ad lib. Goups of control and treated
ani mal s aPe"ReY |l B¢e9Ta ik PchOnPRCLELG retinriiid chassies are

removegl f phe Chak agb LN AdH Ofk Of s al ek 98&h erld d&signs. Blood  ~' ~ ~~ 23
June 2003 WD 00l 38728 PCT1US99Il 27949 63 sanples are to be taken for

det er m nagfoinbst phabem |4pd dhrorekinical orendifagnef igiels 5 Pl asma for
lipid analrgé%l?iégtto be obtai ned by withdrawi ng blood fromthe ear vein
i nto EDTA-containi hg tubes (Vacutainer; Becton Dickenson & Co., Rutherford,
NJ), followed by gemral ugaltcephrddibn dbésd hef el |TBATTatral i leitedrest er ol was

Alain orear PGt hind® A Lo meStSdh AT e ndibor at od by
ref erenceng /&), ched B0y HBSn ABOLITEASUNRY N Zapid ol Ing /&t er
selective precipitation of LDL and VLDL by dextran sulfate w th nagnesi um
(G R \WarRPER pyeferably from about 1 to about 10 mg}éay.

For a bile acid sequestrant, a total daily dose can
be in the range of from about 250 to about 30,000 mg/day,
preferably from about 500 to about 15,000 mg/day, and more

20 preferably about 500 to about 5,000 mg/day in a single or
a divided dose.

The daily doses described in the preceding paragraphs
for the various therapeutic compounds can be administered
to the patient in a single dose, or in proportionate

25 multiple subdoses. Subdoses can be administered 2 to 6
times per day. Doses can be in sustained release form
effective to obtain desired results.

In the case of pharmaceutically acceptable salts, the
weights indicated above refer to the weight of the acid

30 equivalent or the base equivalent of the therapeutic
compound derived from the salt.

Oral delivery of the(combinations of the present
invention can include formulations, as are well known in

the art, to provide prolonged or sustained delivery of the



15.al., . din. Chem, 28) 1379-1388 (1982), herein incorporated by .
reference). Plasma triglyceride levels will be determ ned by3nras2odhg the
. amount ofwglogssnel rel eased by |ipoprotein |ipase throughrcamussnzigae-| i nked
assay (G Bucolo et al., din. Chem3219, 476-482 (1973), 20 herein
i ncorporated by ref erence)‘F At heroscl erosis Animals are to be killed by
pent obar bi #8H9i hPeEhfoAastRei BEPEL 4BRL akTaFe PUAW ywyissv&ed, i mersion
fixed in 23ctA%nRgME! alrnBYET eredubar MBhi Nar@ngbstidigdvidd) ¢ red O
(0.3% . After a single longitudinal incision along the wall Opposite the
arterial oSehgitivie vedsebs &rempthacdosped foxn dadadtdrorhef t he pl aque
area. The q e i nech f.romt values for the 30
total ar eaggégﬁgn dbgng% ﬁﬂg %glggleﬁ%?g%@{lg%’ tEI‘Cﬁjl heq%o ar?af%fl;%s using a
true cd ortabhge anatypenlé)Vi devaption ilJSOt;heArmtmmzacrh lbas@d sinomhel ncl, San
ced to a.colo shj ba rmunt ed on a

O oo TnPhTErEa R BEobSrE1ES' OF FAE Eophi (Rt on. THoa n 9% $fife 2003

WO 001 387280 R5dé UB8Em2¢ 84Onh64menadyaBt 1£alhy @5 wlasGrideedirafit @k-aext raction
with a chl orof orm nmet hanol mxture (2:1) according to the nethod of Fol ch

et al. (J.OFi BPZYEREHT, T22625499L 500° (39LYYS FrieifFamh b sosres
reference) gopml %’[b{“rQOMQSS’E”@ﬁeR@ﬁ@eQ?&Jf@ AB? 6%%’3 AT %hr api dl'y

excised, after injection of sodiump obar bi tal’, i n oxygenat ed
Kr ebs -1 capbesane bmféetlom {ergr enawal BAT I_I_IquernqxamulaalcEmPssue 3-mm

ring segmenbs ALeo it (REASSHLAE SFelLSEL & balh Sontalning
Kr ebs- bi car ona sol u suspen al nI ess st eel
W res, onepeflmblcher5waﬁthchled ehotavé o:ﬂmagtmﬁaﬂﬂmarls( Qeadvelrast tonrent

Co. Qun orce changes in respo e to 15 angi otensin |l added to
the bath b? Bét?e‘BSrGEHlBﬂ § cfﬂartt}t“g Bphdn a¢doRePdi n can be

performed bMesabsibéutbrg.t hehgenesheatiy- c%atﬁsm?%lrfd Glder idesehichad
t herapeuti c 20 conpounds or inert ingredients for those used in the

preceding €RBRPPELCATREpAGRNnEPHRU bR HeRt Mise delddtithddie iscope gfpar ent t hat

the same cape Er¥§éh€d1hOeH@{‘é{nV"aY§ul§&lﬁfe V@ﬁe@ﬁco%aac %30t nteue regar ded
as a departure fromthe spirit and 25 scope of the present invention, and

all such nedlintéaseonsehptccphihal abhe s pelyoinyl dnetelbs elndhed agre ski Il ed
in the artpgpe LPLE0EG Ik PnPEcLIEhYEEE il L ideRFRA Hfid he fol I ow ng

cl ai ns.
polymers of methacrylic acid and wmethacrylic acid wmethyl

20 ester.
The combinations of the present invention can be

delivered orally either in a solid, in a semi-solid, or in
a liguid form. When in a liquid or in a semi-solid form,
the combinations of the present invention can, for

25 example, be in the form of a liquid, syrup, or contained
in a gel capsule (e.g., a gel cap). In one embodiment,
when an IBAT inhibitor is used in a combination of the
present invention, the IBAT inhibitor can be provided in
the form of a liquid, syrup, or contained in a gel

30 capsule. In another embodiment, when a bile acid
sequestrant is used in a combination of the present
invention, the bile acid(sequestrant can be provided in
the form of a liquid, a solid dispersed in a liquid, or in

a capsule.



30 _,i It ~" WO 00138728 6~ CLAIMS Wat is clained is: 23 June 2003
PCTNS99r Z7949 1. A therapeutic conbination conprising a firs8Janeddd3 5 of
an il ealwbighggmgi d transport inhibiting conpound and a SRg@aRd@ed¥ReINt oOf a
bil e acid sequestering conpound wheysein the first anount and the second
anount together conprise an anti-hyperlipidemc . condition effective
anount, an ant iPharimerassd]igeadt icomp@sirndnsi encefdingi ve Einouprgsent an

anti hyper t.er ol.em ondi tion_ eff [ a t conmpounds. 2.
The t her a%gﬁlteﬁli:lé%élrrﬂ'ﬁ{nggt |d%nr&g'1ptsgl %iuﬁftf%%eééglrng?%g' 1%;?%%21 bile acid
transport dophidalt,i ipcz@ipdend .hasubild ngualiel uaed opafaitedal Bi:.gQ O~ ~/ /O
SB2\Oor an enant i oner_ or racegﬂte t.heregf. Zf 3. The therapeutic

conbi nat i S EATEMSY IREFEHSEHE 31 e AP CHRPETERT 0 T ahHo e M i ti ng
conpound Ragnitnies tHatidnyr @lethclghmihe MokZ: sui@bDOr réwsSe 66n Qmy O H3Co or
an enantiomer or racemate thereof. B-12 4. The therapeutic conbi nation of
claim7, WHaled Fasse Wil depepd enathg nasHERoRRd | sRYSY ¢ NP dibund has

the structdyRyifi P8Ry Bie3ted and on the nature of the

particular compound which is being used. In most cases,
the preferred route of administration is oral. 1In most

10 cases, a bile acid sequestrant will be administered
orally.

Pharmaceutical compositions suitable for oral
administration can be presented in discrete units, such as
capsules, cachets, lozenges, or tablets, each containing a

15 predetermined amount of at least one therapeutic compound

| useful in the present invention; as a powder or granules;

as a solution or a suspension in an agueous Or non-agueous
liquid; or as an oil-in-water or water-in-oil emulsion.
As indicated, such compositions can be prepared by any

20 suitable method of pharmacy which includes the step of
bringing into association the active compound(s) and the
carrier (which can constitute one or more accessory
ingredients). In general, the compositioné are prepared
by uniformly and intimately admixing the active compound

25 with a liquid or finely divided solid carrier, or both,
and then, if necessary, shaping the product. For example,
a tablet can be prepared by compressing or molding a
powder or granules of the compound, optionally with one or
more assessory ingredients. Compressed tablets can be

30 prepared by compressing, in a suitable machine, the
compound in a free-flowing form, such as a powder or
granules optionally mixed with a binder, lubricant, inert

diluent and/or surface active/dispersing agent(s). Molded



PEG ~H~ ~-H- OO OOOO/ /| ~~H29 OOHI ;OH/N/. /] ~~\ ~S~p" i1 O1
O O or an enantioner or racenmate thereof, wherein PEG is an 23hooe 20600Q to

about 4004/g@lene! ar wei ght 10 pol yet hyl ene gl ycol pol ynmepcthsdonieds. The
t herapeutic conbination of claiml1 viaerein the ileal bile acid transport

i nhi biting conpound has the structure of fornula B-7. 23 June 20d3 ~
PCT/ US99| 27tatglets cany be magdeQby3R8226183,23nJaneuioedlponNsbongzonbe// HO

Cl/ NB7 = :Ec‘@@@. [ e et . T . utic
conbi nat i orP%"\gé)e(rﬁeg?m \/\%‘grggﬁﬁl%%gkgﬁbﬁgﬁaépdEggéﬁeggg?l?ﬁg&gg{ﬁggghd
conpri ses chol estharamdaeat i¢al Thempbeiapeuti eudoabiratfbenbatcall ail sub-wher ei n

the bile acjd sequester.i ng conpound cgrrgri ges 10 col esti Qol.. 8. The

t her apeut i ¢t P8 Had BHGF LA A1 10AEPEFN I PRETBFFe CREPY  §&8Pe8t er i ng
conpound caBNpEefs T amehppbskhe capehyish havhnglavereashbhabked shell 15
domain and an interior core domain. 9. The therapeutic conbination of claim
1 wherein tHHHYe SHGEPSEeqaBEt BFRRG2CBRPbLAEREBRER s@8daPRSF AL eS| ani ne

pol ymer. 2Q.Jihrited heleaRebban@OTRi Bat B ef hekai BL,2nVhEr §hat bR
pol yal | yl am ne pol yrmer conprises Chol estaCGel. 11. The therapeutic
conbi nat i orarst Flydenin whesecmosheand pokgablyl ami ne pol yner conpri ses

O v S FRFBLOTE Aok AL T 0oL S B

10 administration conveniently comprise sterile aqueous
preparations of a compound of the present invention. These
preparations are preferably administered intravenously,
although administration can also be effected by means of
subcutaneous, intramuscular, or intradermal injection.

15 Such preparations can conveniently be prepared by admixing
the compound with water and rendering the resulting
solution sterile and isotonic with the blood. Injectable
compositions according to the invention will generally
contain from 0.1 to 5% w/w of a compound disclosed herein.

20 Pharmaceutical compositions suitable for rectal
administration are preferably presented as unit-dose
suppositories. These can be prepared by admixing a
compound of the present invention with one or more
conventional solid carriers, for example, cococa butter,

25 and then shaping the resulting mixture.

Pharmaceutical compositions suitable for topical
application to the skin preferably take the form of an
ointment, cream, lotion, paste, gel, spray, aerosol, or
0il. Carriers which can be used include petroleum jelly

30 (e.g., Vaseline), lanolin, polyethylene glycols, alcohols,
and combinations of two or more thereof. The active
compound is generally présent at a concentration of from
0.1 to 50% w/w of the composition, for example, from 0.5

to 2%.



23 June 2003 68 ileal bile acid transport inhibiting conpound and a bile
aci d sequestering conpound. 13. A use of a conbination in ugBtusm2elpe form
wher ei n WwheesHedi nati on conprises a first anmount of an gealudsresaci d
transport inhibiting conpound and assecond amour_~ of a bile acid
sequestering conpound wherein the firs amount and the second anpunt

t oget her conprimrederaailli adppeibtpaddoncisoalbisdi poseibketi ve anount of the
conpounds J.n .t he nufacture of a nedica fo 10 _treatnent,or prophylaxis
of B hyperH G (SoRdCPTBRoT hah BaP LERToL R hEBd ERBSdOrTads 17 A Use of
a conbi nataduirisutitii ohogagebbkoppevbat €8 nat hei sonbt 8apaoshesnpri ses a first
anount of ag{] deeg bale acid transport inhibiting, corr%)ound and a, second
armount  of ted 44 Jegﬁ‘c}ﬁeﬁ’eFFES“‘EBﬁpSﬁHHa%e‘P’%FB ke $P+d¢TBHBunt and
the segongAMHNtrdAgALREr f6@MR h$818hged@Npér fbhesPSELRE Ot i ugQndi ti on
effective amount of the_ 20 conpounds in the_ manufacture of a nedi canment for
tr eat ment Rt hespfHidabd vororkaanhar gePevndi ef condi Prosenth a patient in
need t her : i i ! it rein try 15.
Combi nat | on o rbag 2 BpLRBRaTEy BIFFOctR) aoRaRe Sol M eport

i nhi bi ti nglicmeEoed amdd oz déspadsedoin. an afhesbvée ari dispgussdeinng
conmpound and secon3. anpunt.of a bile acjd sequestering.conpound wherein
I et R SR R R e R e e

anti - hgperchgleesicerial aboatcardtbdi BB%ef peefevabhyoabhdbuof 34 heo cospounds i n

t he manufacture of a ,rre?i canent ,foi,treat ment or prgphgll axis c~

hyper chol & &5 &RT&icHiaTpRePEAPI L At KeePEnEPRBPUND can be

- AQ . AGD. Re Ay A Y he PSRN ARy Pe Pe S rdOrandbort or

.A&0. A, <. AL@B. APB. A AFA. AJ. A A{, . A" AL. AQA; . A . A .

| . Al . A9. AGPTNOPASTAFIE, . AOE. BXANPAP Q. AFgdaSaDilged\: in Pharmaceutical

CA(@. A . ( : - AqA{ A A AN.A NA .Ay. AA3. A AY,. A@. AL;
.AyA.A(.A#é#%ggg%ﬁs3A6§' B18{41066) ¢

(#. #. 28?27~| ?27>| > Any>oakex x Lhe?am@urt 70R 72ekPre xpgred] @at>| kita? Gan?2>>7>7>?
>>>~>~>~?~?~7~7E?<? P<2LR?~=22~02=02~22~2~2~2>7>?>P3?>?>57>52>7>572>7>5777~7>7>?7

Pa27aner Py SORBIDEE, WIES pastier yardutals (63 Haadide B abighe )T 000

~~~~~~~~~ AR BRI 227722872037 229027 29308207 720 234337 23037722777~

P?2?°7?7?092?°°2?0°022????7>50?7>5>5~->p>8><0?>] >| >| 3| ?7<<V<?| >3] 3| ?>| >>5>5555>>

>| 27>8| <<SaMAES-vted pboye| QOBRE] 98X NOSQRRYRRRS X QPBR|BAL 19&nb| 2| 2| 2| ?
??:]AA4P4%ﬁNEhe,Prese t\invent%on dmixed with at least one inert

APAP( PA#. #. 275 | D79-988" F=9o| 73328X PpoB~2| 275| D22y >32239-2X>229222| ?| 2227
~22272?2~? 73 nem 2R as? 208k pse??722200p902202290x2eR 2> 28 1Ich 2d09age 2> | ~22727|
P R s s R 222227223220 22BK227227 2244 tiona

(*<:/6 JV\Lfb~no XaHi &_f@] ca]“ a?ca] cafca?cg?cg?ca?ca Elfcﬁa] ca

U] c*a] ca] m_nﬂd\s]:aa]xrcm]scaa]tm]rcahaa] da¢en] da)laanhta] cal ga) capbajcatitnay) ca] ca! @Al ©
ooy earLa) ke ISR Shenbeificihaskaphont cpbeshinl ehselsahe) el o

such as cyclodextrins. 1In the case of capsules, tablets,

powders, granules, gel caps, and pills, the dosage forms
30 may also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings.
Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, solutions,

suspensions, syrups, and elixirs containing inert diluents
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(- . KLRS~~wiPdozgYagni d_] ca] cMa] c™a] ca] ca] ca] ca] ca] ca] ca] ca] @@;‘m;@}gm];@a] cal ca]

ca] cal] ca] ca] cha] ca] cfa] cha] cMa] ca] chadpc”a] cMa] cMa] cha

-/ QWy{(&5~ytni d*Yni d_] ca] caU] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] c”*a] ca] c”a]

cal] ca] ca] c;al]nmm]lﬂa/] c@]esia]laa]uma] cajca]pyic dscajacarca BEghl n p u

$ESB&EE' | wr clca Sral cal .caD] ca] cal.ca] cal cal call ca] ca] ca

] ca] c"a] c!a]céJ ca] ca ca] ca}} czl% ca] ca"]‘ cEJa]Cac%]a] caa}n% ] 1“ R] as] we'ltc' Lg Feal
S {C0)) a*d‘e't'rll;s emulsdEyingt. and>/shis{pldrid3b@z wjehntlsy] had) seéetahindcal cal ca

] ca] ca] ca] ca] ca] ca ca] ca c’\ ar] ca€] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca

]Ca] cal boo %fvorl g, in ag nt

1142 EZR8W22223\&B%&%$§1®}&7e7;(a7r7a7@1&§¥§ nisgdyYieheamyh k¢ Ukeal-eadb cal cal ca

U c”a] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] ca] calcalca]calc

/\a] ca] ca] Ca}rg eous or oleaglnous suspensions may

8:::>r>>777 aj caj cal caU)C
a] cal cay] calﬁ] cai cg ca] cai cai c% H{ CL?Q ]a](\rclé]a]%g}“galfgg}%g}%a]q c!a] c!a] caJ]
DDDDEFZFg FFERGERGs 0Sis8epgingh hgk ageM $] caTka] ca] cal ca

| pal cal cal elalied] &4 ‘gl Cgf]re; {4@;&%@1 k&P pe a sterile

r SSSSSWMW&WMMAW&&MO@@@@@@&X\&UQH a WihtbXl¢] ca] ca] cJa] c"a] cal
ca] ca] c"a] caU] ca] cal].ca] ca] ca] ca] caV].ca

W] caV] ca] @LEteIRddYe AGREARS et £Fc 89 vanYe Y Y5 YRR YK Y YYYYYZ
226 ZDZNZaZ Q0% Zhddleil 4 ol § aluddriaddnal cal eakcateaheas] £a cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] calca]calca]lcalcalcal]cal[][c[o[u]]

[[ILTILII\ Mehialmemand \saduantg Jshsthaeey ] wrpdpysPcareavdeer ca) cal ca] caj ¢

aU] ca] ca] C CSQ: ut on d isotonic sodium chloride solution.
U\/] caV] ca] caJ] cq:i% l}] a cajl calcalcalca cal caﬁ ca] caf

1"17]: 5] L] \ﬂdﬂlﬂnﬂf{]}fﬁe}qq]]e]]]ﬂﬂ%e]q Jdi¥s are Conventlonally

o et sl pdhreiep il ey <o o
A LINTA AN N AN S b1<ar£B Wixda q::l be emplioyka XhéahdihgU] cal ca] cal c

a] c&a] cal] ca calEata] ca}I]o ca]rcallgallilc 1Cdael§ ca] %a]a%%]l% ULca]acta]}ca]ca]ica] ca] ca

] ca] ca\/] cal

( G K Qlﬁ‘:l‘p ds oleic acid find us@aa] Q:Ih‘éQ'pﬁ'e[p\élidﬁEthf aEVl]]ca]ca] ca

U\/] ca] ca] calU] cal] ca] ca] cal] ca] cal] ca] cal] ca] ca

W] caVPea] c‘d]l%ﬂﬂ]aﬁ%ﬁ%sa] cal] ca] ca] ca] cal] ca] cal] ca] ca! a$ala@kawa} aaaaaKbbb5
cocFddeeeee5g>g 4l e dud i Sl Y tdd cbpd draleVidah G WleGal eakempsat cagl cal ca] ca]
ca] cal] ca] ca] cal] ca] ca] ca] ca] caj ca] ca ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] knmkzkk

?{J | gb] f
T S e hemapentacn poteasic o
CISX[>" VY] | wﬁﬂWlﬁM{M;}@t}ﬂm]a@rd&] oxefallc drc djheapoepenf cahveenk tafcal cal] ¢

g]n(zzﬂz\cggct 20) et% aEJal[a%% L% Cta%%];{} la{]C%]a]C? Cﬁ?a]cfaé’%ml‘&aféaféalﬁa] cajcalc

a] cal ca] Ca\ﬂﬁ&}é&\dcﬂﬂt}ﬁﬁﬂﬂi‘éﬂ s} csiduel] ardduenerlicdlse 2abh¥iUin a
VYAQ 5{vql gb] X]] c]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]l ca] ca] ca] calU] ca] ca] ca] ca] ca
ecaﬁ%*a'}lelaa Tt % o TR TN & A TR TS

] ca] ca] ca] cHj
@ meupj e A pdd <A Salwal s £ed sl cadrRtialgrahic abeab) cakcsdl ca] cal cau

] ca] caU] ca] ca] ca] ca U] c”a] ca] ca] cal] ca] ca] ca] ca] ca

. 1LO. : GVYyt¥itrawrnmlg c o rtadrees @ad and) @b | stutsnegusa Wpgd aFEapeal cal] ca] cal

e i

U] c™a] ca] cafj @ caf m]w@m]m]mh)]m:}mlﬂ mm:]mn—lj]cca]tcea]lda] ¢ajection

A Na08/ N~yit Ti dAYT .
U ona] Ca] oo S CHeL o] S o e e o] o Ao A AP OR FLEPERF 8T8 o] cal o
“a] cal] ca] GRay be prepared from sterile powders or granules having

one or more pharmaceutically-acceptable carriers or



Ul c”aU] ca W] ca] ca U craN FPS@f hl {upj e_ZU d*YTI gb]

U] ea] cal} c”a] ca] c”a] ca] c”a] ca] c”a] ca] ca U c”a] cra U chaU cal aawm;w
U] c”a] c 9P 83832 ca] ca] c”a] ca] ca] ca] ca] ca] cakKel <] ; PCT/US99/27949
=Jezt oi dMYTI gb] ] ca] ca] c*a] cay ca] call ¢ a] ca]ca] ca] cal] ca

A AL e, e e o

U] c”a] ca] h?dkoairpﬁbﬂapahéampn\&@m@}aé&@a] codeeean wiltd* dne or more

U cMa]calc \/% c"ac >A0%{ 5Dknq

Hef Dk, OKSﬂ? ﬂj @B ] LH’ %?E‘é’i‘%’af]'%a] %%Tgaa‘i%aﬁcé'alUFcéﬂrcéﬁlﬁé’FEé]lBﬁU] calcalc
a] caU] cal g ]Eﬁ@.U] ca] ca] cal ca] ca] ca] cha]ca]ca]c”ta]jca]jca i kzCyzZz@

FH {vqgl gb\W U] ] caU] caica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal] da] cal] cal'en] enpéaprenjehseadeiPrea] ehe Hphanradepriraps$$4%go0&" QWL d'

a] c;]( ((:gi])(éé%%é?gl%ﬂ)i(\l HH ? ﬁaﬁgﬁgﬂaﬂﬁﬁéﬁgﬁﬁ ]%da}acafca]ecé] cal ) *S**-

---... 0/ t4pDIPTO6LEPERE 102 393N3] B3R 4} %Qﬂhﬂﬂkaathwhkbcanca{;a]fanca}
A cal ca cal ca calca] ca
calealealeleglooalealanloolestel esher salcalealanl salidl o enl
: <U<<<<| 5gt gb] méaph\ﬁh&laa&aaﬂt@ébad:@rﬁd@ﬁtcﬂ%rc’&ai] paldfeahealycahaal aal cal ca] c
alca] c cal ca]c”™a] c”a] ca] ca
2£Cglialgg gi OBO%$®&W%§NE&£B?%W§EBF BB BRBEIEASHLA T ZBPPYRECa] ca] ca] ca

] ca] ca cabgatgal seLQaLC% Adapdsal SAU APl ER &R s.  Examples of
U] c*a] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! BBCCCC

CUCACSC: CRCRERECATDED SpEUBHPBEEDIPDIzARS Wl eaTi d Thgseaea] wabhca] ca] cal] ca] ¢
a] call caDlgguheabealoatsh oA £ HheAl cad calsadl e alapbralcal gal cal cal cal e

ajca
Go GG@HVHPEInbNh M dé&2dVibaibDikzdwog d  ZHod @tﬂmﬁﬂe:,a]malﬂhea]caa}ecalﬂ] aaj] ca] cal] ca]c

?1/\??]\}%61] c§§%§/@ %%fq%g&lg% %l cal ca& (%a] n(\:a}l cba cfaljoca]a%%L(éa]oc%]lCZa] cal ca

S&lO%&@R@Eg(ﬁa&8€leB®u€)50®&ﬁéﬂﬁﬁﬁlét(énﬁﬂﬁﬁMﬁ%&d@be@<H§§En&&ﬁ%@0& O-'f@
&10%&8&8&% k@ " 10%*+ ﬁ(— 0%& Y 109& () -910%& é,e WXI\/B? 10 10 10@
&10%& () - ¥ %’ &%cyﬁ&&c%? '&ﬁ-%%" Wi Gom E&e( PIEF -3
&10%&&&7(ihé”&asé[éNBanﬂligggbid ¥éduestrant the dose range can be

from about 1,000 mg/day to about 30,000 mg/day or any
20 other dose, dependent upon the specific bile acid
sequestrant, as is known in the art.

The active ingredients may also be administered by
injection as a composition wherein, for example, saline,
dextrose, or water may be used as a suitable carrier. A

25 suitable daily dose of each active therapeutic compound is
one that achieves the same blood serum level as produced
by oral administration as described above.

The therapeutic compounds may further be administered
by any combination of oral/oral, oral/parenteral, or

30 parenteral/parenteral route.

Pharmaceutical compositions for use in the treatment
methods of the present invention may be administered in
oral form or by intravenous administration. Oral

administration of the combination therapy is preferred.
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therapy whether administered s1mu1taneously, substantially

25 simultaneously, or sequentially, may involve a regimen
calling for administration of one therapeutic compound by
oral route and another therapeutic compound by intravenous
route. Whether the therapeutic compounds of the combined
therapy are administered by oral or intravenous route,

30 separately or together, each such therapeutic compound
will be contained in a suitable pharmaceutical formulation
of pharmaceutically-acceﬁtable excipients, diluents or
other formulations components. Examples of suitable

pharmaceutically-acceptable formulations containing the
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Initial treatment of a patient suffering from a
hyperlipidemic condition can begin with the dosages
indicated above. Treatment should generally be continued

25 as necessary over a period of several weeks to several
months or years until the hyperlipidemic disease condition
has been controlled or eliminated. Patients undergoing
treatment with the compounds or compositions disclosed
herein can be routinely monitored by, for example,

30 measuring sexum LDL and total cholesterol levels by any of
the methods well known in the art, to determine the
effectiveness of the combination therapy. Continuous
analysis of such data permits modification of the

treatment regimen during therapy so that optimal effective
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individual therapeutic compound, or all therapeutic
compounds, effective in treating hyperlipidemic conditions

15 such as atherosclerosis and hypercholesterolemia. The
dosage lowering will provide advantages including
reduction of side effects of the individual therapeutic
compounds when compared to the monotherapy.

One of the several embodiwents of the present

20 invention comprises a combination therapy comprising the
use of a first amount of an IBAT inhibitor and a second
amount of another cardiovascular therapeutic useful in the
prophylaxis or treatment of hyperlipidemia or
atherosclerosis, wherein said first and second amounts

25 together comprise an anti-hyperlipidemic condition
effective amount or an anti-atherosclerotic condition
effective amount of said compounds. For example one of
the many embodiments of the present invention is a
combination therapy comprising therapeutic dosages of an

30 IBAT inhibitor and a bile acid sequestrant. A preferred
embodiment of the present invention is a combination
therapy comprising theraﬁeutic dosages of a benzothiepine

IBAT inhibitor and a bile acid sequestrant.
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Table 7 illustrates examples of some combinations of
15 the present invention wherein the combination comprises a
first amount of an IBAT inhibitor and a second amount of a
bile acid sequestration agent, wherein said first and
second amounts together comprise an anti-hyperlipidemic
condition effective amount or an anti-atherosclerotic

20 condition effective amount of said compounds.

Table 7.

Example Number | Component 1 Component 2
1 B-1 cholestyramine
2 B-2 cholestyramine
3 B-3 cholestyramine
4 B-4 cholestyramine
5 B-S cholestyramine
6 B-6 cholestyramine
7 B-7 cholestyramine
8 B-8 cholestyramine
9 B-9 cholestyramine
10 B-10 cholestyramine
11 B-11 cholestyramine
12 B-12 cholestyramine
13 B-13 cholestyramine
14 B-14 cholestyramine
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304 B-31 MCI-196
305 B-32 MCI-196
306 B-33 MCI-196
307 B-34 MCI-196
308 B-35 MCI-196
309 B-36 MCI-196
310 B-37 MCI-196
311 B-38 MCI-196
312 B-39 MCI-196
313 B-1 DMP-504
314 B-2 DMP-504
315 B-3 DMP-504
316 B-4 DMP-504
317 B-5 DMP-504
318 B-6 DMP-504
319 B-7 DMP-504
320 B-8 DMP-504
321 B-9 DMP-504
322 B-10 DMP-504
323 B-11 DMP-504
324 B-12 DMP-504
325 B-13 DMP-504
326 B-14 DMP-504
327 B-18% DMP-504
328 B-16 DMP-504
329 B-17 DMP-504
330 B-18 DMP-504
331 B-19 DMP-504
332 B-20 DMP-504
333 B-21 DMP-504
334 B-22 DMP-504
335 B-23 DMP-504
336 B-24 DMP-504
337 B-25 DMP-504
338 B-26 DMP-504
339 . B-27 DMP-504
340 B-28 DMP-504
341 B-29 DMP-504
342 B-30 DMP-504
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345 B-33 DMP-504

346 B-34 DMP-504

347 B-35 DMP-504

348 B-36 DMP-504

349 B-37 DMP-504

350 B-38 DMP-504

351 B-39 DMP-504

BIOLOGICAL ASSAYS
The utility of the combinations of the present
5 invention can be shown by the following assays. These
assays are performed in vitro and in animal models
essentially using procedures recognized to show the

utility of the present invention.

10 In Vitro Assay of compounds that inhibit IBAT-mediated

uptake of [14C]-Taurocholate (TC) in H14 Cells

Baby hamster kidney cells (BHK) transfected with the
cDNA of human IBAT (H14 cells) are to be seeded at 60,000
cells/well in 96 well Top-Count tissue culture plates for
15 assays run within in 24 hours of seeding, 30,000
cells/well for assays run within 48 hours, and 10,000
cells/well for assays run within 72 hours.
On the day of assay, the cell monolayer is gently
washed once with 100 pl assay buffer (Dulbecco's Modified
20 Eagle's medium with 4.5 g/L glucose + 0.2% (w/v) fatty

acid free bovine serum albumin- (FAF)BSA). To each well

50 pl of a two-fold concentrate of test compound in assay

buffer is added along with 50 pl of 6 uM [14C]-

taurocholate in assay buffer (final concentration of 3 uM

25 [14C]—taurocholate). The cell culture plates are incubated

1l
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_1t klO@ﬂ&é{A)ié%!Ai 4°C Dulbecco's phosphate-buffered saline (PBS)
containing 0.2% (w/v) (FAF)BSA. The wells are then to be
gently washed once with 100 pl 4°C PBS without (FAF)BSA.

5 To each 200 pl of liquid scintillation counting fluid is
to be added, the plates are heat sealed and shaken for 30
minutes at room temperature prior to measuring the amount
of radioactivity in each well on a Packard Top-Count
instrument .

10

In Vitro Assay of compounds that inhibit uptake of [14C]-

Alanine
The alanine uptake assay can be performed in an
identical fashion to the taurocholate assay, with the
15 exception that labeled alanine is to be substituted for

the labeled taurocholate.

In Vivo Assay of compounds that inhibit Rat Ileal uptake of
[14

C] -Taurocholate into Bile

20 (See "Metabolism of 3a, 7f-dihydroxy-7a-methyl-5f-
cholanoic acid and 3a, 7p-dihydroxy-7a-methyl-5B-cholanoic

acid in hamsters” in Biochimica et Biophysica Acta, 833, 196-

202 {1985) by Une et al., herein incorporated by reference.)
Male wistar rats (200-300 g) are to be anesthetized with

25 inactin @100 mg/kg. Bile ducts are cannulated with a 10”
length of PE10 tubing. The small intestine is exposed and
laid out on a gaugze pad. A canulae (1/8" luer lock, tapered
female adapter) is inserted at 12 cm from the junction of the
small intestine and the cecum. A slit is cut at 4 cm from

30 this same junction (utilizing a 8 cm length of ileum). 20 ml
of warm Dulbecco's phosphate buffered saline, pH 6.5 (PBS) is
used to flush out the intestine segment. The distal opening

is cannulated with a 20 cm length of silicone tubing (0.02”
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warm PBS at 0.25 ml/min. Temperature of the gut .segment is

to be monitored continuously. At the start of the

5 experiment, 2.0 ml of control sample ([14C]-taurocholate @
0.05 mCi/ml with 5 mM non-radiolabeled taurocholate) is
loaded into the gut segment with a 3 ml syringe and bile
sample collection is begun. Control sample is infused at a
rate of 0.25 ml/min for 21 min. Bile samples fractions will

10 be collected every 3 minute for the first 27 minutes of the
procedure. After the 21 min of sample infusion, the ileal
loop is washed out with 20 ml of warm PBS (using a 30 ml
syringe), and then the loop is washed out for 21 min with
warm PBS at 0.25 ml/min. A second perfusion is to be

15 initiated as described above but with test compound being
administered as well (21 min administration followed by 21
min of wash out) and bile to be sampled every 3 min for the
first 27 min. If necessary, a third perfusion will be
performed as above that typically contains the control

20 sample.

Measurement of Rat Fecal Bile Acid Concentration (FBA)

Total fecal output from individually housed rats is
to be collected for 24 or 48 hours, dried under a stream
25 of nitrogen, pulverized, mixed, and weighed. Approximately
0.1 gram is weighed out and extracted into an organic
solvent (butanol/water). Following separation and drying,
the residue is dissolved in methanol and the amount of

bile acid present will be measured enzymatically using the
30 3o-hydroxysteroid steroid dehydrogenase reaction with bile
acids to reduce NAD. (see Mashige, F. et al. Clin. Chem.,

27, 1352 (1981), herein incorporated by reference).
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IBAT inhibitors using an oral gavage procedure. Drug or

vehicle (0.2% TWEEN 80 in water) is administered once a

5 day (9:00-10:0 a.m.) for 4 days at varying dosages in a
final volume of 2 mL per kilogram of body weight. (TWEEN
80 is a 20 molar polyethyleneoxide sorbitan monoocleate
surfactant manufactured by ICI Specialty Chemicals,
Wilmington, Delaware, U.S.A.) Total fecal samples are

10 collected during the final 48 hours of the treatment
period and analyzed for bile acid content using an
enzymatic assay as described below. Compound efficacy
will be determined by comparison of the increase in fecal
bile acid (FBA) concentration in treated rats to the mean

15 FBA concentration of rats in the vehicle group.

_[’Hltaurocholate Uptake in Rabbit Brush Border Membrane

Vesicles (BBMV)

Rabbit Ileal brush border membranes are to be
20 prepared from frozen ileal mucosa by the calcium
precipitation method describe by Malathi et al.

(Biochimica Biophysica Acta, 554, 259 (1979), herein

incorporated by reference). The method for measuring

taurocholate is essentially as described by Kramer et al.

25 (Biochimica Biophysica Acta, 1111, 93 (1992), herein

incorporated by reference) except the assay volume will be
200 pl instead of 100 pl. Briefly, at room temperature a
190 gl solution containing 2uM [*H] -taurocholate(0.75 uCi),
20 mM tris, 100 mM NaCl, 100 mM mannitol pH 7.4 is

30 incubated for 5 sec with 10 gl of brush border membrane
vesicles (60-120 ug protein). The incubation is initiated
by the addition of the BﬁMV while vortexing and the
reaction is to be stopped by the addition of S ml of ice

cold buffer (20 mM Hepes-tris, 150 mM KCl) followed
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pore) and an additional 5 ml wash with stop buffer.

Acyl-ColA; Cholestercl Acyl Transferase (ACAT)

5 Hamster liver and rat intestinal microsomes are to be
prepared from tissue as described previously (J. Biol.
Chem., 255, 9098 (1980), herein incorporated by reference)
and used as a source of ACAT enzyme. The assay will
consist of a 2.0 ml incubation containing 24 uM Oleoyl-CoA

10 (0.05 uCi) in a 50 mM sodium phosphate, 2 mM DTT ph 7.4
buffer containing 0.25 % BSA and 200 ug of microsomal
protein. The assay will be initiated by the addition of
oleoyl-CoA. The reaction proceeds for 5 min at 37° C and
will be terminated by the addition of 8.0 ml of

15 chloroform/ methanol (2:1). To the extraction is added
125 ug of cholesterol oleate in chloroform methanol to act
as a carrier and the organic and aqueous phases of the
extraction are separated by centrifugation after thorough
vortexing. The chloroform phase is to be taken to dryness

20 and then spotted on a silica gel 60 TLC plate and
developed in hexane/ethyl ether (9:1). The amount of
cholesterol ester formed will be determined by measuring
the amount of radioactivity incorporated into the
cholesterol oleate spot on the TLC plate with a Packard

25 Instaimager.

Measurement of Hepatic Cholesterol Concentration (HEPATIC

CHOL

Liver tissue is to be weighed and homogenized in
30 chloroform:methanol (2:1). After homogenization and
centrifugation the supernatant is separated and dried
under nitrogen. The resiaue is to be dissolved in
isopropanol and the cholesterol content will be measured

enzymatically, using a combination of cholesterol oxidase
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5 Measurement of Hepatic HMG CoA-Reductase Activity (HMG
COA)

Hepatic microsomes are to be prepared by homogenizing
liver samples in a phosphate/sucrose buffer, followed by -
centrifugal separation. The final pelleted material is

10 resuspended in buffer and an aliquot will be assayed for
HMG CoA reductase activity by incubating for 60 minutes at
37° C in the presence of '“C-HMG-CoA (Dupont-NEN). The
reaction is stopped by adding 6N HCl followed by
centrifugation. An aliquot of the supernatant is

15 separated, by thin-layer chromatography, and the spot
corresponding to the enzyme product is scraped off the
plate, extracted and radioactivity is determined by
scintillation counting. (Reference: Akerlund, J. and
Bjorkhem, I. (1990) J. Lipid Res. 31, 2159).

20

Measurement of Hepatic Cholesterol 7-a-Hydroxvlase

Activity (7a-OHase)

Hepatic microsomes are to be prepared by homogenizing

liver samples in a phosphate/sucrose buffer, followed by

25 centrifugal separation. The final pelleted material is
resuspended in buffer and an aliquot will be assayed for
cholesterol 7-a-hydroxylase activity by incubating for 5
minutes at 37° C in the presence of NADPH. Following
extraction into petroleum ether, the organic solvent is

30 evaporated and the residue is dissolved in acetonitrile/
methanol. The enzymatic product will be separated by

injecting an aliquot of the extract onto a Cig reversed

phase HPLC column and quantitating the eluted material
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Determination of Serum Cholesterol (SER.CHOL, HDL-CHOL,

5 TGI and VLDL + LDL)

Total serum cholesterol (SER.CHOL) are to be measured
enzymatically using a commercial kit from Wako Fine
Chemicals (Richmond, VA); Cholesterol Cl1, Catalog No.
276-64909. HDL cholesterol (HDL-CHOL) will be assayed

10 using this same kit after precipitation of VLDL and LDL
with Sigma Chemical Co. HDL Cholesterol reagent, Catalog
No. 352-3 (dextran sulfate method). Total serum
triglycerides (blanked) (TGI) will be assayed
enzymatically with Sigma Chemical Co. GPO-Trinder, Catalog

15 No. 337-B. VLDL and LDL (VLDL + LDL) cholesterol
concentrations will be calculated as the difference

between total and HDL cholesterol.

Measurement of Hamster Fecal Bile Acid Concentration_ (FBA)

20 Total fecal output from individually housed hamsters
is to be collected for 24 or 48 hours, dried under a
stream of nitrogen, pulverized and weighed. Approximately
0.1 gram is weighed out and extracted into an organic
solvent (butanol/water). Following separation and drying,

25 the residue is dissolved in methanol and the amount of
bile acid present is measured enzymatically using the 3a-
hydroxysteroid steroid dehydrogenase reaction with bile
acids to reduce NAD. (Mashige, F. et al. Clin. Chem., 27,
1352 (1981), herein incorporated by reference).

30

Dog Model for Evaluating Lipid l.owering Drugs

Male beagle dogs, obtained from a vendor such as
Marshall farms and weighing 6-12 kg are fed once a day for

two hours and given water ad libitum. Dogs may be randomly
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{109%& () - é‘dék{l&%&k()a—s‘ECE{eYﬁcle, i.g.; lmg/kg, i.g9-.; 2mg/kg, i.g.;
4 mg/kg, i.g.; 2 mg/kg, p.o. (powder in capsule). Intra-
gastric dosing of a therapeutic material dissolved in
5 aqueous solution (for example, 0.2% Tween 80 solution
[polyoxyethylene mono-oleate, Sigma Chemical Co., St.
Louis, MO}) may be done using a gavage tube. Prior to
initiating dosing, blood samples may be drawn from the
cephalic vein in the morning before feeding in order to
10 evaluate serum cholesterol (total and HDL) and
triglycerides. For several consecutive days animals are
dosed in the morning, prior to feeding. Animals are to be
allowed 2 hours to eat before any remaining food is-
removed. Feces are to be collected over a 2 day period at
15 the end of the study and may be analyzed for bile acid or
lipid content. Blood samples are also to be taken, at the
end of the treatment period, for comparison with pre-study
serum lipid levels. Statistical significance will be
determined using the standard student’s T-test with p<.0S.
20

bog Serum Lipid Measurement

Blood is to be collected from the cephalic vein of
fasted dogs in serum separator tubes (Vacutainer SST,
Becton Dickinson and Co., Franklin Lakes, NJ). The blood

25 is centrifuged at 2000 rpm for 20 minutes and the serum
decanted.

Total cholesterol may be measured in a 96 well format
using a Wako enzymatic diagnostic kit (Cholesterol CII)
(Wako Chemicals, Richmond, VA), utilizing the cholesterocl

30 oxidase reaction to produce hydrogen peroxide which is

measured colorimetrically. A standard curve from 0.5 to
10 pg cholesterol is to be prepared in the first 2 columns

of the plate. The serum samples (20-40 pl, depending on

the expected lipid concentration) or known serum control
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measure glycerol, following its release by reaction of
triglycerides with lipoprotein lipase. Standard solutions

20 of glycerol (Sigma 339-11) ranging from 1 to 24 pug are to
be used to generate the standard curve. Serum samples
(20-40 pl, depending on the expected lipid concentration)
are added to wells in duplicate. Water is added to bring
the volume to 100 pl in each well and 100 pl of color

25 reagent was also added to each well. After mixing and a
15 minute incubation, the plates will be read at 540 nm
and the triglyceride wvalues calculated from the standard
curve. A replicate plate is also to be run using a blank
enzyme reagent to correct for any endogenous glycerol in

30 the serum samples.
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Fecal samples may be collected to determine the fecal
bile acid (FBA) concentration for each animal. Fecal
5 collections may be made during the final 48 hours of the

study, for two consecutive 24 hour periods between 9:00 am
and 10:00 am each day, prior to dosing and feeding. The
separate two day collections from each animal are to be
weighed, combined and homogenized with distilled water in

10 a processor (Cuisinart) to generate a homogeneous slurry.
About 1.4 g of the homogenate is to be extracted in a
final concentration of 50% tertiary butanol/distilled
water (2:0.6) for 45 minutes in a 37°C water bath and
centrifuged for 13 minutes at 2000 x g. The concentration

15 of bile acids (mmoles/day) may be determined using a 96-
well enzymatic assay system (1,2). A 20 pl aliquot of the
fecal extract is to be added to two sets each of
triplicate wells in a 96-well assay plate. A standardized
sodium taurocholate solution and a standardized fecal

20 extract solution (previously made from pooled samples and
characterized for its bile acid concentration) will also
analyzed for assay quality control. Twenty-microliter
aliquots of sodium taurocholate, serially diluted to
generate a standard curve are similarly to be added to two

25 sets of triplicate wells. A 230 pul reaction mixture

containing 1M hydrazine hydrate, 0.1 M pyrophosphate and

0.46 mg/ml NAD is to be added to each well. A 50 ul
aliquot of 3a-hydroxysteroid dehydrogenase enzyme (HSD;
0.8 units/ml) or assay buffer (0.1 M sodium pyrophosphate)
30 are then added to one of the two sets of triplicates. All
reagents may be obtained from Sigma Chemical Co., St.
Louis, MO. Following 60 minutes of incubation at room

temperature, the optical density at 340nm will be measured
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gnéYmggls to be used to determine the bile acid

concentration (mM) of each sample based on the sodium

5 taurocholate standard curve. The bile acid concentration
of the extract, the weight of the fecal homogenate (grams)
and the body weight of the animal are to be used to
calculate the corresponding FBA concentration in
mmoles/kg/day for each animal. The mean FBA concentration

10 (mmoles/kg/day) of the vehicle group is to be subtracted

from the FBA concentration of each treatment group to

determine the increase (delta value) in FBA concentration

as a result of the treatment.

15 Intestinal Cholesterol Absorption Asgsgay

A variety of compounds are shown to inhibit
cholesterol absorption from the intestinal tract. These
compounds lower serum cholesterol levels by reducing
intestinal absorption of cholesterol from both exogenous

20 sources (dietary cholesterol) and endogenous cholesterol
(secreted by the gall bladder into the intestinal tract).

In hamsters the use of a dual-isotope plasma ratio
method to measure intestinal cholesterol absorption has
been refined and evaluated as described by Turley et al.

25 (J. Lipid Res. 35, 329-339 (1994), herein incorporated by
reference) .

Male hamsters weighing 80-100 g are to be given food
and water ad libitum in a room with 12 hour alternating
periods of light and dark. Four hours into the light

30 period, each hamster is administered first an intravenous

dose of 2.5 uci of [1,2z3H]cholesterol suspended in
Intralipid (20%) and then an oral dose of [4-

14C]cholest:erol in an o0il of medium chain triglycerides
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he oral dose is given by gavaging a 0.6 ml volume ‘of the
MCT oil mixture introduced intragastrically via a
S polyethylene tube. After 72 hours the hamsters are bled

and the amount of 3H and 14

C in the plasma and in the
original amount of label administered are determined by
liquid scintillation spectrometry. The cholesterol
absorption will be calculated based on the following

10 equation:

Percent cholesterol absorbed =

% of oral dose per ml of 72 hour plasma sample x 100

15 % of i.v. dose per ml of 72 hour plasma sample

Microsomal triglyceride transfer protein (MTP) assav:

20 MTP can be purified from liver tissue or cultured
cells (e.g. HepG2 cells) using standard methods as
described by Ohringer et al. (Acta Crystallogr. D52, 224-
225 (1996), herein incorporated by reference).

Subsequent analysis of MTP activity can be performed

25 as described by Jamil et al. (Proc. Natl. Acad. Sci. 93,
11991-11995 (1996), herein incorporated by reference).

The basis of this assay is.to measure the transfer of
labeled triglycerides from a population of donor vesicles
to a population of acceptor vesicles in the presence of

30 MTP. Inhibitors of MTP can be evaluated by adding them to
the mixture prior to the introduction of MTP. Donor

vesicles are prepared by sonication of an aqueous mixture

of egg phospholipids, cardiolipin, 3H-1abeled phospholipid
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66~%&nutes by addition of 0.5 ml of DE-52 cellulose

followed by centrifugation to pellet the donor molecules.

The amount of 3

H and 1%Cc in the pellet and in the original

amount of label in the mixture are determined by liquid

scintillation spectrometry. The lipid transfer rate will

be calculated based on first order kinetics using the

expression:

[S] = (S], e™®*

where [S]0 and [S) are the fractions of 14¢ 1abel in the

donor membrane pellet at times 0 and t, respectively, and

the term k is the fraction of label transferred per unit

time.

Plasma Lipids Assay in Rabbits

Plasma lipids can be assayed using standard methods

as reported by J.R. Schuh et al., J. Clin. Invest.,

1453-1458 (1993), herein incorporated by reference.

21,

Groups of male, New Zealand white rabbits are placed on a

standard diet (100g/day) supplemented with 0.3%

cholesterol and 2% corn oil (Zeigler Bothers,

Inc.,

Gardners, PA). Water is available ad lib. Groups of

control and treated animals are killed after 1 and 3

months of treatment. Tissues are removed for

characterization of atherosclerotic lesions.

Blood
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analysis using a true color image analyzer (Videometric

150; American Innovision, Incl, San Diego, CA) interfaced
to a color camera (Toshiba 3CCD) mounted on a dissecting

microscope. Tissue cholesterol will be measured
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chart recorder.

The examples herein can be performed by substituting

the generically or specifically described therapeutic
20 compounds or inert ingredients for those used in the
preceding examples.

The invention being thus described, it is apparent
that the same can be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and

25 scope of the present invention, and all such modifications
and equivalents as would be obvious to one skilled in the
art are intended to be included within the scope of the

following claims.

30
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or an enantiomer or racemate thereof.

20 3. The therapeutic combination of claim 1 wherein the
ileal bile acid transport inhibiting compound has

the structure of formula B-12:
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cholestyramine.

7. The therapeutic combination of claim 1 wherein the
bile acid sequestering compound comprises

10 colestipol.

8. The therapeutic combination of claim 1 wherein the
bile acid sequestering compound comprises an
amphiphilic copolymer having a crosslinked shell

15 domain and an interior core domain.

9. The therapeutic combination of claim 1 wherein the
bile acid sequestering compound comprises a

polyallylamine polymer.

20
10. The therapeutic combination of claim 9 wherein the
polyallylamine polymer comprises CholestaGel.
11. The therapeutic combination of claim 9 wherein the
25 polyallylamine polymer comprises OmegaGel.
12. The therapeutic combination of claim 1 wherein the

combination comprises a composition comprising an
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ileal bile acid transport inhibiting compound and a

bile acid sequestering compound.

A use of a combination in unit dosage form wherein th=a
combination comprises a first amount of an 1leal bil=
acid transport inhibiting compound and a second amoun:z
of a bile acid sequestering compound wherein the fairsc
amount and the second amount together comprise an
anti-hyperlipidemic condition effective amount of ths
compounds in the manufacture of a wmedicament for
treatment or prophylaxis of a hyperlipidemic condition

in a patient in need thereof.

A use of a combination in unit dosage form wherein the
combination comprises a first amount of an 1leal bile
acid transport inhibiting compound and a second amount
of a bile aclid sequestering compound wherein the first
amount and the second amount together comprise an
anti-atherosclerotic condition effective amount of the
compounds in the manufacture of a wmedicament for
treatment or prophylaxis of an atherosclerotac

condition in a patient in need thereof

A use of a combination in unit dosage form wherein tha
combination comprises a first amount of an ileal bile
acid transport inhibiting compound and a second amount
of a bile acid sequestering compound and a second
amount of a bile acid sequestering compound wherein
the first amount and the second amount together
comprise an anti-hypercholesterolemic conditicn
effective amount of the compounds in the manufacturszs
of a medicament for treatment or prophylaxis ci

hypercholesterolemia in a patient in need thereof.



