SUPPCRTI VE TREATMENT OF LI VER DI SEASE Fi el d The
present invention relates to a nethod of supportive

woe@atiosss of |iver disease and its conplicatiPCIEFAU2005/000561
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including cirrhosis of the livet and port al

non mal 1 gnaniSYPRBRTIVELREATHIN TS LIVER, BREASE .°
hepatitis where direct or indirect damage to the |iver

cell nmenbranes, which is secondary to the primary
[ e process, initiates a cascade of cell swelling,

di

hypoxi d. | ' LV upct.d o ver and abov .
T el oy BRR Pt Voo SREMS B ilpg BN RiRemaat of tver
Lidigsasdl serisass icopiplidatiomxi icheRdy | difrhoSiYCBf ahe liver and portal
al coholic hepatitis and cirrhosis, hepatitis C, which

i diypreerpion. demesticulan dne iuatipniapplia do nessmakignanilliyer disease

BRI 25l Sl 508 Lo BB DGRt e or o

| invembfaress, iinichaigesedomapsy heethespa®Beadisdaet pRRIEENnitiates a
of the primary di sease processes, but there have been

méAyCcade Sfned” swellingr BXROYaIRAd dRPaijed divgefynggion over and above
di - i cal .
bRl e RIS £, B oceeses

anti oxi dants beginning with the herbal extracts

silymarin and silibinin (reviewed by Flora et al,
1gkgrdimeever, the efficacy of silymarin has been

di sappointing in alcoholic |iver disease (Angulo et
al-ivezotisgasesniictuder loxicshepriitisosuaft aalal¢aholindpapatitieand cirrhosis,

arsPft CorAMpRdS TR el GreBoral nzAGHS 8 tess semonly the
) imnurdlcyicinger GiseBvEL ERarab®rit ety dtbhie idfidmmation.

natural |l y-occurring, antioxidants have been used
(Vai dya et al. 1996) Included anmong these are the -

B R B Mo S LB ey s 4B A spponcary 0

(Treatrmant aidtheolgrisagyediseb888procdssks Put iherd@Bave ' been .many -
t hought that these agents acted directly on liver R
calledinis i oewrews cfungtient by dargeiag dierantxeemapnents. of the

ti - SMHC ardi u i i iang . .
AU agable. MYAERRE) ey B R St use of -

t batid)Xitldamtsobn;gs'nm:)g witlv thevioérbap exigatte dilgalaginuamd silibinin (reviewed
CB? rlyfgrasét z\alw I1 588)?rl-Fowever, the efficacy of silymarin has been disappointing

in alcoholic liver disease (Angulo et al, 2000), and there is the potential for

hepatotoxic effects (Bass; 1999). More recently, tocopherol, dipyridamole
(Novikov et al, 1991; Vargas et al, 2001), and a range of modern, both synthetic

and naturally-occurring, antioxidants have been used (Vaidya et al. 1996)

Included among these are the calcium blocking agents verapamil, diltiazem,
and amlodipine (Mason et al, 1999), and also nitrendipine (Thurman and
colleagues, 1998). At first, it was thought that these agents acted directly on
liver cells to block calcium entry as they do in excitable tissues such as the
myocardium and in arteries (Liang and Thurman, 1992), however, it was soon
realised that the liver does not have voltage-gated calcium channels, which are

the target of these drugs in excitable tissues. Therefore, if these drugs were



the target of these drugs in excitable tissues.
Therefore, if these drugs wereacting on the |iver,

wao bey/10m363led to act in a different way. Thus, PCT/AEZ005/000561
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found that many cal ci um bl ockers were al so powerful

| OXi , | 997). 1t. I ,
ool o PR eET el heBuna KXBE 1y MR TG AT & wag found that
hematy caléilheblockers WeieesIse paaler e aiti®lidary Jeeate @, 1997).
bl ood to the liver (MLean. 1998). However, the

protective effect of drugs such as verapam |,

s , : . :
TN T T 7 T s
oarers to Nncreabatdalives) bf .oxyhenstttiesibsdow Hrpaverc(Mclean. 1998).

arterial blood flow of calcium bl ockers adm nistered
ofMayer.iheduiotrsding ehfesk ohdiugserichcamierapsmil, dilfiezemdkiang and
h f.f .C
SFRUER S997, RO, BRNRNE=AGE ) ) ALAYEAHM lockers
108@)rs iRatelated sefs.erThegeffectaton ihephtiy ar@nial blowdr 6l of calcium

apjljty to ahsorb thiam ne and yet thiam ne i .
cBlockers: afmiired REAIY| Igdaw; dossts; Baveinet peen copfirmed.  Diltiazem
R A0 DOUE SRPUALIET A R0 R @ b Ues e 3088 Hohwithin the
| liverr(Marteaudirstoalisiagnesf 1988). background to the

invention herein is included to explain the context of

the invention. This is not to be taken as an adni ssion

t Pafen®@ ¥uférind HiepBiifs hale 0 Bhpartd Qﬁm&al?édrﬁqﬁ%mine and yet
known or part of the common general kn edge as at

t théarpinecranogntratien &1 thenblood is bl eo |difficelt tSomeasuye.\Wehe production

h found that the interactjon of the effects, of a

B EnasLi iRl rieSaRditd 1S hER, SevargTuEppiaBing: Rucells of a
edieedsed liviercal ci um bl ocki ng effect on m tochondri a,

has anti oxi dant effects and is relatively |ipophilic,

and the B-vitamn thiamne, which is a relatively ‘

i Li. tQXi e ared with.the. cal cium :
Y SRR G2 BSOS RTRRS B b e S FDAENE oxpen
| the @ontexs @fisiee indlentien ! Mhagrisneotite el KBRS ah admission that any of
i neffectual in diseased cells, we believe the co

40fi Matariah reterresk toawag rublishewhakmwn Ir pack of die o general
. o . by e |
RofRPfedac s aRfd b RaRtbt 88 8 b MAMS, Pl Prce?

energy when cells are damaged. | n accordance with the

esent invention, we provide a nethod of treatnent of
gé'éﬂﬂ?—@ﬂt suffering fromliver disease conprising the

- afe A fFRindChaPhhd inte@tiBh Af the effects of a calcium channel blocker

(particularly diltiazem) that exerts its calcium blocking effect on mitochondria,
has antioxidant effects and is relatively lipophilic, and the B-vitamin thiamine,
which is a relatively hydrophilic antioxidant when compared with the calcium
channel blocker, provides a significant improvement in liver disease. While
thiamine is frequently ineffectual in diseased cells, we believe the co
administration of a calcium channel blocker with these properties facilitates
action of thiamine, protects cell membranes, and enables continued production
of energy when cells are damaged.



slow rel ease fornmulation of a relatively lipophilic
cal ci um channel bl ocker with anti oxi dant effects and
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anti oxi dant and which is relatidrely hydrophilic when

R e T NCE . W
| ispbjelat lsuffem@d; lonmliobadrebsd|copkaTsing the éﬂ?ﬂlﬁi’:’strgﬁcm of (i) an oral

effects and (1i) the B vitamn thiamne, which is
afloanrelease damiaationsf ¢ relatively dipppbilio qa}@umonmammel blocker with

SBaSAERCSAS i 6 i IR i on andoren

dasd agkichyiscielatiely ihytiraghilion whear €srhparedo MethotheTeaRIium channel
CE%ESA tions for providing slow rel ease of calcium
8- bl ocker. The invention further provides a
pharmaceuti cal conposition for treatnent or prevention
of liver disease conprising (i) a relatively

| Tbe@wenti@ncﬁscipnmidhammmljsblorﬁqr)esr reMativelya Wﬂomll@'@ahum channel
e, Bvita ,igtthlamne is al so
|

E\' S d h.i i. p
ogker Wi @aipXKARL GHEEs 4 it By tgminyiNaspiie, which is also an
ARG HrROWRidhNist r‘é?at%l EHIﬂB %erpwﬁl:ﬁgl:ed Wik he calcium

phar maceuti cal conp 03|t|o |s t SW T &le
ceaisl blasker rrhlerelpavailorsm aamedKEamdamMor eeatrment of liver disease by

f red because nman f the drugs

&1 B o ek b Eec e o RRtsibens BT ronsing slow release
sofsdatelum el Biochat, may be avoided if they are
concentrated preferentially within the liver. The | ow

dose sl ow rel ease corrposi tion will preferabl y provide
hannel cker S i ent

oA i o 064 AT BORGH AP ES Rl Fhetmont o

poetettionedhiiardlisesse bbmron&m@lldt)"Qq*eﬁaﬂvﬂ%/qrﬁo%ﬁllfé calcium channel
linically effective |evel in the periphe
g%' ‘Ic]iﬂr Atittoanioxidat effaets aadi(dkthe Belitaodn ghinatiee, h\ahnchgs also an

%rﬁlgkﬁ%t ‘éﬁ%%ﬁl@ﬁtls {é‘l?{ \'?&9}/ h(lyggﬁcg&l'vl-rhﬁptpalcgaumr@;?qﬁgga \élth the calcium

adm ni stere separate

whaheelr bibckbat Thé pf&rm@&bmltfdl dcppoditidd §s I9HBally a slow release
co 51t| on with the cal ci um channel bl ocker. THi ne,

FAMAPSItONyel | known as a B vitanin acting vvlthln
m tochondria as a mitochondrial protective agent, that
is, as a cofactor of pyruvate dehydrogenase, is also a

H’W@r mmnfSIalexztlaatslom redse fdrmuaticieds requirid BBESUYE H‘any of the
|t|?a} defi.ciency and in sone patients with viral
ﬁﬁé}gast q:l) efﬂgtfaa&r@q%}?r@fare vasoactive or have systemic effects that
may be avoided if they are concentrated preferentially within the liver. The low
dose slow release composition will preferably provide a delivery rate of calcium
channel blocker sufficient to provide a clinical effective blood level in the portal
vein and less than required to provide a clinically effective level in the peripheral
circulation to thereby provide a delivery rate having a selective effect in the liver.

The thiamine may be administered separately or concurrently but it is preferred

that it is administered in the same composition with the calcium channel
blocker.



thiam ne to the cal cium antagoni st with anti oxi dant
properties also exploits both the facilitator effect

w@Rooshe23sd t ami n on energy production within  PCT/AU2005/000561
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mtochondria, and its own anti dki dant effect within

URgidRine, WiedRid Gail A BE OB J%ﬂlﬁé%gj@r&m@@?ndria as a

i nventi oh 1 nvol ves t admni str

I mmtqdhmhdualcapmtem\@haageht bl thakeils, }NI ad a?t cofdci@nt of pyruvate
is arelative

hf/’&ﬁ}ﬂ ﬁﬂgﬁgse;ﬂﬁfgbﬁpgamyc{ﬁm"%&?Eaxléanw tih g isedaincpatignts with
Chaﬂﬂi%hapki@ﬁ@i@ﬁcy Bhafiar &hy aﬁégignfsah@huﬂ}e\ﬁ,\ﬂ?égﬁ? itis. Theaddition of

bl ocker is adm ni stered at
t thiaming to theoﬁtaimprreaeia@bh;st vaﬂtksamﬂmardam propentidy Mo eRsloits both

ECTRUTRG PG e ol BRI ER srisroy Praskisbia viim mitochondria, and

CA§ Blavariionldint dffeeARRhinghBceYi ded in nedical texts
relating to prescription drugs. W have referred, in

partl cular, to doses of calciumchannel blockers
‘ék ijé 8 gb em approved for use in Australia
on of M M5 Annual 2002). The approved

O‘Dhe Mgtheo oF tﬁ@ﬁn@dtbhaﬁﬁﬂ\/é\@ tﬂ@gdﬁﬁ’mgﬁgtlm oP%rreﬁa??(/e ly lipophilic
The preferred cal cium channel bl ockers are [

Qﬁ'@'HﬁUr@aﬂﬁak blegker pwitbt antiexidrrdpefiects eadlthlamuhe which is a
h t t
SR, Sl o JEHOERH el crome

dvlogiseracti ng within the cytosol or cell uI ar mlieu
need to be nore hydrophilic. Mst calcium bl ocki ng
drugs i ncluding verapam |, diltiazem anlodipine, and

ThiAEREL PN, B AT 1 B e el ich i

tlbss ehaighatfs(mme eprefertilyl 1es$ dhard @hBLthil) on tiRs d@se prescribed for
t%ct ve menbrane-stabilizing agent. The
e@& ng agRisiovaschiar ; digeass- aa-hﬁn(j@fﬁ%rrléﬁs@rﬁ)eﬁ doowreatment of

rc%'r&@%scﬁﬂé%fs@a%@nlsah é%&’ iff @gﬁ? ay@ﬁ%g@g\gagstgs prdscription

and preferably less t

giregsnudte haverrefdreed tlhepaiuselar ofo abgeﬁwmmw BhaniRl blockers
of angi na agd hm)erteny on. [tiazem may be

i BG it Bz BRBred toetis I AUsiRlia GAusiran Edtion of MIMS
PUPABEOCEE) A “gPASER! Bp A bine KISUREELALECTH0 o mo e
&g¥nt (or conbination of agents) which has effects

across several of the principal

The preferred calcium channel blockers are lipophilic to ensure that they
penetrate deep with cells and within membranes so that their therapeutic effect
is located where free radicals are acting. By contrast, drugs acting within the
cytosol or cellular milieu need to be more hydrophilic. Most calcium blocking
drugs including verapamil, diltiazem, amlodipine, and nitrendipine have a
membrane stabilizing effect but the shorter half-life of diltiazem and verapamil
makes these agents more suitable for formulation as a liver-selective
membrane-stabilizing agent. The preferred agent is diltiazem administered as a
slow release formulation at doses of less than 70mg per day and preferably less

than 50 mg per day. These doses are much lower that the doses of the drug
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conponents of the nenbrane destructive process. The
preferred cal cium channel bl ocker will act as an

woO pdosaeskd ul ar and i ntramenbr anous anti oxi dant PCT/ATR2(05/000561

cal ciumentry into the nitochondria, and inhibit

Sga0 b aErPS b ne s DS LA, BB TR B o form
g&@@n%mﬁf@mw Srsthenpiearhmacepticalcacseptdseseltl  pH

s during hypoxia. Together we believe these
effects act to reduce cell swelling and hypoxia, and
en . 1 i t
il prasbifd SBISEA ot BEPEer Al o B K forp RESEbiizing agent (or

Ronibinaeon ofhiagbnisy which has effects across several of the principal
iCqurml v (qﬁe'n% E(?fct%g Iwoxyém o [,%_ygt%b%\}eh%lrgcggsg?) e‘fhhg lJrét%’nge_dd calcium
.’cg‘l-aFlﬁQFBFC%ng%ﬁ %’cﬁ(ar%"'éh QRGacdRfi&’ LRG ihPaiehfirAnéSs antioxidant,
iTtrazem,” i's a benzothiazine derivative possessing

gianit caleiuantengyrinkt thechitochondrial, landanbibithztospbokpageoaetivity, and
been used clinically to bloc he influx of calcium
it@ﬁ@C‘hFﬁtgn@bmﬁlr&tﬁa’] @gie{igyagrqgﬁg‘élpg éﬁ&h@hgélsexfp{thermore, these
%Q:'ﬁg% uﬁl%?épﬁﬁwaééh‘t'irﬂle @b f §sdratdDidst ttﬁ?%éllhﬁﬁ RgrRNdeAvyMypoxia.
to be usefu

I'n al l'eviating synptons of chronic hear i
dicetiser, wpdrdievetbese eHacfisract je seducs cathswejlingaaiad Alypoxia, and

SRS o I FARAB W bR STAL Yt e, periulany
Yaick Rl 6h Besiddskazem hydrochloride in tablet formin
trengths of 30, 60, 90 and 120 ng. and in capsule

formin strengths of 60, 90, 120, 180, 240 and 300 ng.

e i s 3l D ble i Lhi ; . _
g s b RSB SRS AR oy
@t(@ﬁfe@h@méhyl?n,sibémmaw inc4(5H)-clear treferrddh 30 mprein  as
adm ni stered 4 tines daily. The dosage is gradually | .

i"ditiazese’d is 8 beggothiazing detjvaiiug PesressHgetalGiHE! aptaggnist activity.

3508 e el P 35 B o gt s
Pt drivothr aA0oEwEidcs mudcid ned. thidse ekertepotent easdivedscular effect.

net abol i zes Diltiazem According @e?' r of essi onal 1yse ,
iRiltiszaet haw bper sbawpyioNg Lsefulisy algviating,symptoms of chronic heart

|l tiaz i l ot S.1i.S.: .
A SR eI Aol gk iyt Agonson,
efHilec dispipyinga dow ahsidente dfi siaeaeffatis! it ythesongsmsediltiazem is

) v : J .
vallabe A agzen hyireshIoRES ot SlabirPLin strepghs Ot 50, 60, 90 and

inlnt .27 t; r it o v
o8 % BB S BeROmOIR 120/ 308, 240 o 200 o
IRiMtialzeno s walsov dvailableO in anj@dtable form with a strength of 5 mg./ml.

Diltiazem therapy for treatment of cardiovascular disease typically starts with 30
mg. administered 4 times daily. The dosage is gradually increased to 180 to 240
mg./day and sometimes up to 360 mg./day, given in divided doses three or four
times daily, at one- to two- day intervals until an optimum response is obtained.
The liver extensively metabolizes Diltiazem. According to professional use
information issued by Marion Merrell Dow Inc., diltiazem in CARDIZEM.RTM.
brand tablets is absorbed to about 80% and is subject to an extensive first-pass

effect, giving an absolute bioavailability, compared to intravenous
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m nutes after adm nistration indicating that CARD ZEM
RTM diltiazemtablets are readily absorbed. The

w@b@see3ss i m nation half-life foI | owi ng si ngl ePOY¥/AU2005/000561

mul tiple administration is apffoximately 3.5 hours.

P ERGelRect ERobE Tk ne il Rt et ot (87 Ap. me- o

'G}ARQIZE@SRTM tdtiszeer téﬂlétsfr%mﬂhat peak pfastad dévels two to three
channel bl ockers the first pass clear

f d .
sk}@;uhs aftafi adméﬁﬁ@thmu @ﬁtQC%ab}eeWéam@s?%/cﬁ?ﬁ orﬂ?@HF %ﬁ?'”t%o to 60
ef fective -
nipd qsug ﬁﬁﬁﬁsﬂé’u | In‘\ljcgéé’t ngaggbgg{D‘ﬂZEﬁaﬁ?M Qﬂﬁl@ﬂ@ﬁ\ tablets
Cdré Re&d %écﬁfﬁéd Ofhé b%sdraughmmaben twaiftlife dollavdng Isingle or multiple

l'iver, Accordingly it is partjcularl refer ed

tasenivistiationm dﬁaﬁﬁ@rowat%gr 55 'b?té@eﬁ Therapgu} '%wbt%’? levels of
r i ’

SORRREEVERTIL: AUEREF, K9P0, b0 L6 g 8 e of 20 1o 200

aglpsie | ess than required to provide a clinically

effective level in the peripheral circulation. The

nmet hod and corrp03| tion of the invention thus provide a

%ﬁldo\ﬁ?rra% fkﬂ‘ LYo S18li6s lof Caldihesiark] bitekery fie first pass
IS rret epatic protection using diltiazemin

crxb@dsranaeuafndmgshsmcth asi titiazapp| Weishtis wawedi 8@ &eimpediment to

state of the |

et astimebl B et o B, o g Ty e rting tver
Qﬁégés%', ag .ta%ﬁ&tv§ tAE éPPh’lchI drfedt Bf AEIHEG -to The cuffingd t@ the liver.

I'Tver-selective formul ati on of these |1 pophilic

rmmrimrdungtysitaia Ipazmm{ljarAgaﬁe@rred ﬁtﬁ%ptk@.mﬁtog;rp ehpnngd blocker be

t r eat ment th

tyeseny i@, oqu,c?%eg ga ar%/a é\ga%%psgel%gg?&g)gﬂgﬁ gl'og/lde a clinical
CH i s RAlevef th thegicrRe VeinCarDg ricse Usssithan rebaired to provide a
primary management of the disease, such as ri baV|r

aslinisaitigr e@‘leatlvgr bl ninst bee asiphietalr Aircalgdian. i Ah ‘PhénethOd and

TEAAGIES, RSB i SO ST B i st

déffé%ﬂ@ﬂ th¥ ligd ni stering at | east one active agent
sel ected from portal hypertensive agents and antiviral

agents wherein said at |east one active agent is

¢ ?’pfsglgi'gﬂ'}qsqt §f ﬁgpn%i’.\rc}aﬁro?eétfo\ﬁq]fs‘lﬁ ﬁgﬁ%ige‘gﬁ in %g%'l RetloR Widh thiamine,
adppliesitd amly disedseastats bf trazibmer immthichiter cgdhivientbranes have been

ant i oxi dant
damaged either primarily or secondarily by oxidising agents or oxidising

processes. The use of a liver-selective formulation of these lipophilic
membrane-stabilizing agents is complementary to the treatment of the primary

disease.

When appropriate these liver-protective agents may be co-prescribed or co-
formulated with therapeutic agents used in the primary management of the
disease, such as ribavirin or other orally-administered antiviral agent in the

management of hepatitis C.

The invention thus also provides a method of treatment or prevention of liver

disease by administering at least one active agent selected from portal
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agent such as thiam ne. The two conponents of nenbrane
stabilization, that is, calciumchannel bl ocker plus

wa b@shyxisdphi | i ¢ antioxi dant thi am ne may be PCT/AU2005/000561

co-formul ated or may be adnmini&tered in a separate

SOPRPBALA gt R TP ATB By gove agen
b@tq@dédlrﬂirﬁétt@f@d\/\w dilfVieesedctive foraulafion afxartipophilicnmembrane
active agen

may be adm ni stered intravenqusly or .
shakilizieg Agept apd antiexidant isyrh @sadiftiazen]. d&'&b?‘yéﬁ?@hﬁﬁcaﬂg'ox'dam
tabt Li zi iaReH or agents adm nistered orally. In
%@Rhé?@ogg}om% conposition of the invention thiamne
may be used as the salt fromsuch a hydrochloride salt

or other pharmaceutically acceptable derivative. |In
e i S BEPARIIS cheABPiaRG SRBDARIRI KIS+ SRICH ehenng] blocker

;g%é qﬁ‘étwgﬂSpﬁﬁ@T‘ént it ehidrhne Prg.fr% B%HSFrﬁﬁﬁﬁéd’%r may be

nts a antiviral agents 1Is co- nmul ated wt o
caintinisteret dn reelsephatd eongpusitidn. afhreageTtie mag be administered by

hS e Oth (PTBWE o PARBRLPR DT aiaH B acministered by
| &GEhET Rited\CCHJH %&bbhdléld%fn%urdch@é agbedi et bélhadministered

i nvention provides a netho or treatnent of Vira
lirstpatanoustyc onpparenteralty sahd rihet ealciwn achannet -lJecksrt (wmembrane

f l.at, f .Stabiljzi t with
SEAtTA R And O AEPBIRT) MR ek or on. R bavi ri n
and the nenbrane stabilizing agent are preferably

adm ni stered orally and nore preferably co-formnul ated
i the suetbed ottt compegitionl efathe igveatie thigete may be used as the

P TRE! chy PECTLTAR T S ch SLEP BAHE Bpply, deooptable

Werigafivg.t her enbodi ment the invention provides a
nmet hod of treatment or prevention of toxic hepatitis
(for exanple alcoholic hepatitis) conprising

g v, [ o; a
i B35 Pr sl 2o eired Ao SEIERY of Ak ahPihdn 38 18ps%one agent
peatdctett framt portdv Appert@mive bbentsi amd mativindli aderits is co-formulated
hydrophilic, is co-formulgted with the cal cium channel
! ¢iu gl“ﬁ@&%’ﬁ‘i{iaﬂ@'&m‘?-n the preferred
enbodi nent we provide a conposition for treatnent of
toxic hepatitis conprising a liver selective
fToermbst preferodéd antiataliisimbavirin which may (and preferably will) be used

in combination with interferon. Accordingly in a further embodiment the
invention provides a method for treatment of viral hepatitis comprising co-
administering a liver-selective formulation of a membrane stabilizing agent with

ribavirin and preferably also interferon.

Ribavirin and the membrane stabilizing agent are preferably administered orally
and more preferably co-formulated to provide controlled release of each agent.
Interferon is preferably administered parenterally to provide an effective level
during co-administration.

In a further embodiment the invention provides a method of treatment or

prevention of toxic hepatitis (for example alcoholic hepatitis) comprising co-
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channel bl ocker such as diltiazemw th the relatively
hydrophi lic agent thiam ne. The preferred cal ci um

w@basned3sbl ocker is diltiazemin an anpbunt of PCDAU2DS5/000561

to 70 ny/day and nore preferatﬁy 25 to 50 ng/day. Wen
t hi A 0o, | Dt o (oS e "
ESRRSIRLS 415 Wk oS Feator? & dlodphiR? AU channel
icdker admd thiatind. Mt e padigulandyn adwdintaigeoas i€ dhiemine, which is
i ncl udi_.ng acute treatnent, d at, the discretion of
PTORNIGh don GopRyBMIgIath Wil Jher calgbds GIFNE! HIogKsTpgemponent,
e used, ' h&diBhd ed, h i
IRLTG® 5 ORI Sthgiihert VEEGrbhghl compositon for
taptraeet oStxid hepatitisecdrnprising feoliverl sel eaiive, foomulatiod axfess calcium
of less  than 50 [.day, as.a liver-selective.,. _
CHRRGRIpheT Svan sgHbRre TRt tut Tarived RiraoBilgiagens thiamine.
the specification the word "conprise" and vari ations

of the word, such as "conprising" and "conprises", is
fdbe prefernetkdalcuresatiandel biokker sddiitiazessin aogyoownit of, from 20 to

Lntegers or, steps. ln.ac dance with the present
?ﬂmgﬁa&ﬁnd\,@oﬁgmfg@b@ %ﬂchs@ ”&g/wﬁ}ﬁ'ar maceut i cal
t herapy conprising the adm nistration of a

| iver-selective fornulation of a calcium channel _ _
Y ek Eriaming inused Y i @refierakly presens imiani anaunt ioxpreyiste, delivery

[ suf f i cj [ i ahi bj o

o 88 PR e B8] e Nyl SHERAP G 10 inciicua
cased)i inoing abwepheltrpens. anbeat ithepliscrsticgasft thByattending
be prescribed with or wthout addition of a

ROWSieEA; highehAesex VR imE04Bd PRAFAY Feakebe Yseeh additive

anti oxi dant effect within the cell cytosol or mlieu

as well as within the cell nenbranes. The use of the

Whemtibavindsiusedaddhe dreztmehe virak hsyatitis| dobes @f iugl to 1200 mg
effect in the mtochondria where as a cofactor o

A . C f
BYF (A%t edeRsilin GeRSRIONE fermlations.apedn eepgyof less than 500
ﬁ{g\‘a&jé&f:tds?ﬁvéﬂ‘ge?e&t%rf@wummbe used to protect the

er and nmal ntal n hepatic nction when theliver has
been damaged by any form of chronic non-malignant

j sease | ich the ce|ll menbranes have pbeen damaged L
EhEiEROL, e Tesipih L 6atiEs ' i Beccael g MYa Remprise
| i g t On P [« n ook
e i M A e e
intented teaaxciude eibebadditives, ecimpaiaritsiinisgemnet stepecker
and thiam ne provide a nenbrane-stabilizing effect.
The term "nmenbrane-stabilizing" was

In accordance with the present invention, we provide a method of
pharmaceutical therapy comprising the administration of a liver-selective
formulation of a calcium channel blocker, which is a relatively lipophilic
antioxidant, in an amount sufficient to provide an inhibitory effect on
mitochondrial calcium channels, and an inhibition of phospholipase. The
lipophilic agent may be prescribed with or without addition of a hydrophilic
antioxidant so that there is an additive antioxidant effect within the cell cytosol
or milieu as well as within the cell membranes. The use of the vitamin thiamine
adds a complémentary mitochondrial effect in the mitochondria where as a co-
factor of pyruvate dehydrogenase, that facilitates energy production. This

therapy may be used to protect the liver and maintain hepatic function when the
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coi ned many years ago to define | ocal anaesthetic and
ot her nenbrane effects of beta-adrenergi c antagoni sts.

wab@stiexsss now enbraces a range of nenbrane ef f BCT/81U2005/000561

which in turn need to be charaterised individually

g?g}sé $ bﬁ%@@ﬁm%‘é& B?%ilg \}‘erﬁmfﬁﬁg&p? gﬁhf@%ﬁ%ntﬁﬁéé&% in which

fthe nselbfmeimbeandie paivet beelh | a@hagedgemebyt pam@ry or secondary
al coholic liver disease, C|rrh05|s of the liver

IREpeRSSEssuchhat thediver IQ@H)%(?W?! su lﬂﬁlﬁd@ 'meefiﬁéwortat\ﬁnous blood
apy or radiotherapy, and

Z%ZJ%W@? %H&Mé?ﬂ@a{\ﬁ% ogy of chronic liver

di sease Progressive deterioration of the structure and

é/gnﬁ Cntﬁll'gfo%ﬂcgaﬁﬁ}gs %gh r,‘.%%,qvg\qns}) nglghﬂ'gr#hé\r/\ﬁgl bidcRer S¥d thiamine

@?&lﬂ?'é IRERbrare ﬂabﬂn’zﬁ@a%ﬁe?ﬂt Tﬁ%nfé'rh'f’ g%b?é’né-gﬁbilizing” was
verall inpairment o I'ver function, |leads to ce

deirtdd, mang yeanpbgodatdefioe lecdl anaesthetie arfd ethies némbrane effects
primary di sease processe nbrane deterioration,

B P P9 b RS S8 SEMIPTE PR ATDECES TdrgR of hembrane
leifeBfs; WRlicH RCtuPh AEE8 56 Be cRbravibidbRinaRAEANY (SAlitH, @ 982),

the generation of free radicals (superoxidé anion,

hydr oxy radicals, and others) and their oxidising

Y AR AU oF 58 BB R Bl pptcation
RYuES BR FEings bf eﬁfalfﬁ’ébailﬁbf(lnclu@n%jﬁﬁeﬁéﬁtﬁs ah), altsRblic liver disease,

hepatitis, including Hepatitis free radicals
sirehasist op ths liverd texic thh?@at)tls (RutoiMuRg hepatifismdamage to the liver

LSRRIV e PPy e Bl A RO G gDy

et al, 2002; Loguercio and, Federico, 2003.)The inmmune
ssterrs act |nthet|ssues where the virus i s grow ng

Pat ' gridise@sgarticul arly in the external
g@r’e QI% o‘gt ﬁ&%tlbh ¥Fthé s rhétu?é’aﬁ?lfﬁﬁct%nr b‘f:%éfl ﬁ'{en‘%}%nes within
onal anges that 1 ncrease er nea

tﬁtehvmfnbraaheys cbmpmtetat of alpdostrali fmnmsamfobmahm mrmmaﬁsgnant liver
Thi s 3ess s cell sywelling and cal ci u
a

BiFeap aenfm@ §1a tesPYerRllimpaiEhaihafdiver function, leads to cell

e@%enéﬁditéd?ﬁ lehRits a&o\éﬁnaﬁé@é Ghe9kfatts! BYahs- 8r|mary disease
Simlar pr ocesses I'n alco I'tver di sease,

bepaisses.s, aut oi mmune hepatitis, chenotherapy and t he

ageing liver also act to oxidise the cell nenbranes,

i nduce cell swelling and produce cal ci um

Membrane deterioration, or destabilisation, is caused by at least six inter-related

processes, of which a common feature is the generation of free radicals
(superoxide anion, hydroxy radicals, and others) and their oxidising effects on

phospholipids in cell membranes to produce lysophospholipids.

First, the primary disease process may generate free radicals. In the case of
viral hepatitis, including Hepatitis C, the free radicals are not produced by the
virus, but by the immune systems within the body that have been activated in
response to the viral infection (Patrick, 1999; Jain et al, 2002; Loguercio and,
Federico, 2003.)
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overload. Second, the cell swelling caused by the
change in menbrane permeability increases resistance

wa ooobhessd f 1 ow t hrough the liver and through tPer/Av208/000561

venous system The liver is péptl cularly prone to

fﬁ%*ﬁhh%e st %rﬂgdaét iRhWRRLES Whéreelnk WU ECYidwing tg oxidise

because 1 n rast to other organs, nost of
phosbiiolisid garticuiagy és the extdmalugiembrangs raf dhe iveo wells to cause

O ) S, Bt 8 LIRS of o
Qﬁé'ﬁ%?arﬁééofbx\h@té’r“ 584itnt %s'éﬁ(ﬁéaléiﬂﬁﬁ iﬁsenTh%‘)@/rbEi@@é [nduces cell

hepatic tunction over and above that caused
mwettirgy am\dsealsmnprmmdsas The rigtragelblare seicium hlppomra:entratlon

TBeR bR Rursiools! FEs. "l prodhssiiihipale er disease,
%ﬁe%rja‘ﬁﬂsoﬁufd‘ l%ﬁwdrﬁ,ﬂj héééﬁ?ust lemathe@iplyr asd tﬁé’_aggmgfllver also

produced by inmune or toxic effects on he out si _
tedob toeddidise tbevgalhimembranes) inslugadcalhewellingcamh dreduce calcium
Th@ the i nmune or toxic responses cause nenbrane

from outside in, but the i nmedi ate effect of
hypoxia is to cause menbr ane damage from i nsi de out.

Fourth, the ri S{Mgﬂ' | evel s of calciumions activate .
iSaeogst dbe ceallc swiellitganaesed Wyt Hien ChARO® inoBtesMRIANG| Permeability

. |
TRIRSERE oA W Bk ) R R trough e pore
cRuses sybent tliehivatris pdrifcdame ptori redudtiohiinrbleadylow when

from energy production and give priority to cal cium
&)@l r2elBRg ogsuss r egause imeorirastntp RihascawRgsi gnost of its blood

@p@g%rﬁt ft?gﬁ ]pﬂs{ss%?é "Ehr‘b‘ﬂx’gﬂ%%t Sort RRbs forh®and with the low

set uncti ona hypoxi
|dxyg@asenﬂ‘thEhﬁrddﬁmﬁt$ dfurenoes .Hfodd. h Evehenodestrighibition of blood
intram tochondrial. | evels of cal cb m act, hg ccel erate

fiQw RUSES PGSV tRInRE ligr sufficien HpNeRfs uncfign over and
g@b@e% Wa%%é&%?tﬁéipmg%d%%t (56! é’s‘ lon or
ease

stabl i sation’inc as mtoc ondri al cal cium
accurul ati on progresses. Sixth, the rising
Bntram t ochandr.i al ] evel

RS REIGTRSSES MRl PSS hotﬁa*?\ﬁdg{” ReSlishgNd intramitochondria
GRS BENATPIHR ﬁpﬁ§é tl'ﬁlSPlﬁ'tbrr‘l’@ﬁ?ﬁ[@‘l@ssde%Tu%ﬂéﬁ%‘Fﬁ‘rebhﬁdlcals that
[iver cells. These six processes interact with each
in sentrast tortbase modwe;t@yvmmmoatwlc effects on the outside of the
cells, is within the cells and the mitochondria. Thus, the immune or toxic
responses cause membrane damage from outside in, but the immediate effect

of hypoxia is o cause membrane damage from inside out.

Fourth, the rising levels of calcium ions activate ion-gated calcium channels
within the mitochondrial membranes (black lipid) so that calcium is concentrated
preferentially within mitochondria. This causes the mitochondria to divert their
function away from energy production and give priority to calcium extrusion. As
a result, the rising mitochondrial concentration of calcium during hypoxia acts to
increase the functional effects of hypoxia and to increase NADPH; levels
further.
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oxi dation and dysfunction, cell swelling, hypoxia,
cal ci um accunul ati on, phosphol i pase activation,

wo paiteasent of hepatic function and eventual cRECT/AU2005/000561

death. To be effective in livél cells that have been

%ﬂg@gﬁge ﬁéiﬁg ﬁﬁﬁé@lﬁ%&ﬂﬁ% RVBRESICEalbildh &Qot! fH SRRelerate the

nes, a hepatoprotective
dlioR- of afrebi radicalef becNArIiH’édgs td h‘uslfthle trake of progressive

aﬁér'n%%%m‘é{ettg%@bpb%tat@tsa&nepW%Eée%s%%&esﬁ‘mi‘owapﬁa' calcium
gu;n ?é{fbﬁgprgg éysg | evel s of NADPH2, which occur in

poxi a an ornms of oxidative damage. The
agent shoul d exert its nmenbrane protective and

R T A A C—
WHRER i 18 bR n?s dalneaiBgRctivd Bro@snd ceh @Hét%b?éﬁesat%roughout

an ant|i OXI within mtochondria. The agent shoul
itmdniioértcatfist ochondri al cal ci um channel s to reduce the
el evati on of NADPH2 that occurs during hypoxia. The
agent should pernmit the mtochondria to continue to

ﬁfh‘é%‘-‘s‘?x @T@céﬁ%@@ lintepast witkrachfothet & breaty rb@edsivk membrane
he cells. The agent should prevent activation of

pmaﬂnm @s@sedyewnqﬂ@nea@elhgswdha@,mhy&pst calciyml @cgrimulation,

e B BT SR B B el o

ideafie! | nmenbranes. Al | of these qualities are shovvn by
several cal cium bl ocking drugs including Ddiltiazem
however, the protective effects of any such agent are

hdepe o : i h .
B BRCBEeC 08, EAP AT e SR o ooria or otrer
procassat i that axitisee phodphelipderinh sl thngmnes tehétepatoprotectlve
suppl y of genated arteria There

Mﬁbbfﬂn@ %tab%zwgﬁ,fm VERES &Mﬁ he?q)'l?wmg &E'F?dl?dr i al
I
Chobr 3PBCadahl hbuld Bercdls &l 'Bﬁtﬁ%@n@’sﬁé‘t&'t@‘%éﬁ radicals

Wi | etlidtesre inHacetbby Higle le\mhs QANADPHS hwhichhagtur in hypoxia and

vol t age-gated, they have features in conmon with the
chann@fheTifarmas ef P’é!gﬁBVQ A3a\3¢8- and thi s

e The agent should exert its membrane protective and antioxidant effect
both within cells and within membranes where the free radicals are being
formed and where they are doing damage.

e The agent should act as an antioxidant within mitochondria.

e The agent should inhibit mitochondrial calcium channels to reduce the
elevation of NADPH, that occurs during hypoxia.

e The agent should permit the mitochondria to continue to produce ATP
under conditions of calcium overload of the cells.

e The agent should prevent activation of phospholipase by increasing
concentrations of calcium.

e The agent should prevent or reduce reduction in blood supply caused

cell swelling and the oxidative changes in cell membranes.
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appears to explain their response to drugs such as
verapam |, diltiazem and am odi pine. The i medi ate

we@tdosao236F nitochondrial cal ci um channel bl ockRCBATU006/000561

linmit entry of calciuminto tA& nitochondria when the

PR S47% 1264 8 1B AR it e g 0

finakémn holieWet, ahé @rotettivalketieois @‘m:rnwsm@lrd agest arfedndependent of
activation of hosg(hol [ Base Draper et al

4he koown vasodilatey eiests that ealaium plockingadenty %@}4@ ogrthgsystemic
%ch[gct)%n %ch ?Fen o%?%% ng opﬁhﬂcjﬁﬁ tﬁ@s@ﬁplg JTRSHaRsted arterial

hepa prote rane- st I ZI ng agent néeds
thbodie relatively |ipophilic. The target of the free

radi cal s produced by primary di sease processes or by
hypoxia is the phospholipid within the cell nenbranes.

"ﬂﬁq@' é%plte@,ﬁk Efchﬁ'ﬁ' %Wlnﬁcéh?’ﬁﬁé!s WHSFnlt%@ﬁbﬁ@ﬁal membranes

i ol ayer hin the cell

r(bmkarpm;) Nvlaérezsadmel tbr@cuuaucfcameldnl@cl@@dfugﬁg(%wi@geCerma et

&b@é raneg%&ﬁtegﬁct e gﬁtgtg)s tnﬁp oit%bﬁégated they

'r%r\‘/eg?éaeigrééwr?'éHﬁﬁBﬁnWﬁhstr@ eFeRhe ihidkcithBige tissues and this
nmenbr anes. However, we propose that a sinultaneous

efppeats W teiptain Hteeic sesP@IRS D Arygsosude @sbyerapamil, diltiazem, and

e TGS RE R ot ok BRchfl gl bRgh Hlockade i

I% Q‘fﬁf‘bnirp%fdc%‘-’rémh'ﬂnltd eheehiiehdnafia Wi thedélearriels are activated
hin the cell nmenbranes including the mtochondri al

rhammn@s intracellylas $@IGieMpfeANCERtrABORS.alase theeehy crotect the

al s - L
@aﬁ%(%mqqnw} tfuflﬁé;pi\ é.gﬁ‘rtt utog; *&H{rﬁEHggSrﬁpfé%?éztthé’rbctlvatlon of
pHespheligdsea@rapar stial, @l@bﬂ Y althoughstary misly aisabeaa direct effect of
| iver-selective formul ation. This requires that a drug

e daugreR thiglenzymesystelccount of hepatic metabol i sm

and that the drug is reliably absorbed across the
gastro-intestinal wall after release froma capsule or

aldbe effectivé atiometitisrane diepgtdptotectint! dmenembrane—stablllzmg agent

ke, R s 3Pl e
?%ﬂ%‘g/t H%éb?%:ﬁrp%s%shgf ﬁ}%dklé'lé‘%@g&% ﬁ%ﬁlﬁﬁt |n the cell

Ve ydrophi I'1'c nature nee
Imemibranes: K dolfoves trtdh estioxidateactivityfmhsi cﬁperafeewahm the lipid bio-

A¥rohal Tsa Wiklo BE 40 BRBIPTAEST YIS0 ahdER redicals are exerting
fpridOn RAmiBAEN émBEHRNiptdREtiVd Caditits AUt protect black lipid
(mitochondrial membranes) to inhibit the ion-gated calcium channels present
within these membranes. However, we propose that a simuftaneous effect
within the cell cytosol provided by a hydrophilic antioxidant adds to the total
antioxidant protection. While the key actions required are to prevent the
destructive effects of free radicals within the cell membranes including the
mitochondrial membranes, it is also helpful to neutralise the free radicals within

the cytosol or hydrophilic fraction.

Lipophilicity also contributes to the desirable profile of agents suitable for

presentation as a liver-selective formulation. This requires that a drug has a
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thi am ne. Thiam ne acts as a co-factor on the
m tochondri al enzyne pyruvate dehydrogenase to

wo 205102383 e ener gy production 31% t he m t ochondPCEHAU2005/000561
|

Wiile it is well known that patients with al coholic

ld t

U5 DETRIR, BB AU Dol R bl retenly
tabsethed bemssithe @ﬂ;ﬁonntﬂstla&h wall @ftar Ireleesarﬁnan\eedamsule or other

TR WRfaanteTRopaIa fough 1 SRS HRNaRIRPE RS et Lipophilic agents

t a
? cell rhé?ﬁﬁiff i hrleéellyﬁtHetréWﬁIfﬁllhﬁ kB Eritbfas Afny antioxidant or

ative [ ecul esentation o
Iqtb@phiamlwmgwagbw;sebmed andeatbiventer stsabydiiophiig matute needs to

TR lpSRAITE I Mestdag® Bitefta ERelidr i bl fbglsuhal absorption
cﬁ{,amﬁ{@/mre@wﬂfegg driletg.@a drug with a short half-life
be adm nistered as | ow dose and as a sl owrel ease or

controlledrel ease fornulation so that the drug is

o Seore, oaresh &Y Boofg s dibPuon RaS iyt adiiriSter the -

tvi’rarrﬁ‘rﬁ ubiah§iAg NeShiahing elctd laved \eosfaBldr o lthreniedchbR@rial enzyme
portal venous systemand is carried to the liver. Here

RV fde‘a/ﬁfOQﬁﬂﬁSieoW facilitaien waaray eredussiopi by dhatmaachondria.
th@ tal? Q/Yél lsch\Wﬁ %e‘rtfb‘aatlreﬁféawﬁ %rc&ﬁ)ﬁ?' '{}gﬁ Hféte\%gé I?ﬁadyan Neficient

stem’'c Circu

$ﬁ alb)lbeemzymnnt rMSI aRogv et ehbwnSthac Iplaﬁtéﬁté wi‘tﬁr\ﬂrd‘.l H@patltls may
concgtr%ratl on of .the dru or nore

Iti’ieﬁﬁ oM diseafministration gé’lﬁ“ape (;Emdc MV@@*FSonZQ%n ﬂ?cﬁﬁb studies
‘I"Qé% enks &éé&@ et H‘Rﬂ anirgﬁdéﬁp Ip‘ﬁ%&ﬁ'tlgg%‘feﬂtérﬂ AW ukienko et al,
e h er

gradi ent nay rncir or o

604). t inocentraist ko dilmwns,ﬁhqammahs airelatilvelyihydroghiiemelecule.
this effect may be of fset by the devel opnment of
significant collateral vessels between the portal and

PYssSthtorfbf & %b@bhlﬂ@%ﬂlﬂ'ﬁ iRl eﬂ?@rﬁhlg%téﬂnﬁﬂﬁ@ 205 as a liver-

It is desirable to [imt “dellvery rug t

salegtive forguatiorhissa key pait of this émieptionpor t ant when a
drug has side effects related to other pharmacol ogi cal
properties. In the case of nmenbrane-stabilizing agents

Whatc@fcépﬂlwav@ahélééméfma@%en%fgﬁk&ﬂﬁrle&:!r?%g gﬁobﬁiq with a short

vasodi | ors hei r pr esentati on as
halkifp\penwentinistaredi as tbwedosdeand sls af slowwesteass or controlled-

1P AR B i ForyS b b el Mwd oVaR shYere) hours -

teferabpdupe> Phehdwsal Aftar Iroskisg thé gasiionsteSHMI WEH the d
fpo 20 - Zg% of the full systemli@dosegﬁﬁ hat \?/ou © dng

rRachas |the yelativglyi sreall ivelunie ofithe pestel venous system and is carried
to the liver. Here a significant portion is removed from the circulation by

metabolism with the remainder passing into the much larger volume systemic
circulation. In this way, a stable concentration gradient is achieved where the
concentration of the drug is up to 5 or more times higher in the liver and portal
circulation than in the systemic circulation. The achieved concentration gradient
may be higher in cirrhosis or other conditions with sluggish portal circulation,
however, this effect may be offset by the development of significant collateral
vessels between the portal and systemic circulations.
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bei ng adm ni stered ' to achieve a systemc effect. In
the case of diltiazem where the doses required for

w@yBbam3s3 ef fects used in the treatnent of angP@EAU2005/000561

pectoris and hypertension areldenerally in the range

ah iy angiaPpl SR IS, SsiPRSTIPE BRIy ¥ ol to the

lthnget obgtin. NThistibeargailady lmﬂ)mTémd/yhenAa drug has side effects related
menbr ane- st abi | i zi, ngi agent with these properties an
f

itpcother neharmacolpgical BraRgrtiased oihe | ¢ase &) @@mref@ne stabilizing
%ﬁ%bgscg%{t%rhhal% d@lélﬂ&”%%ﬁé‘rﬁlé@(é@m & ﬁg@l \Srr]%’sodllators ), their

he "I hepatiti's
idegsdritbtion Bs limeds€lectivel trurbpy af/ondmsor mmlmcﬂesl the risk of unwanted

sBRas1ater AB0 AT, SHFsts HSEDY | Dereasnge blerba i Bycoptabilty.
f@?%r-%%leéifv% live gal§ WQH[EEEAS thETHRE dallpbese of bl d’rﬁp required to 20

stunction durl erapy. Liver dysfunc
af 25% ofdtiedulhsysteynic Tosedbal wguldi nmmallyrbet reguiredaf th‘e drug was

i ral I ti elrmedlatec of damage to

\ﬁema@@ 'Stﬁﬁfﬁﬂoa%&geY%atsﬁﬁt%ﬁ §Cfm“rune response to

the presence of the virus. (LoguerC|o and Federi co,

2003). This |l eads to generation of free radicals with

dra tieey eas@ of eliltianembnhess th doses sequirskfairsystameici efigcie used in

] hat
e iBuREe! ot YR Hactis PO Paetinsieh SR aahErAWR b range of
120 L geat ﬁ@/d@y ef \Woes) of %MQC&S%%EYp@r@abe diltiazem will retain a
treat nent, there is a need t pr otector reverse darrage

tharapedtia aBedtiin dhe feen bugyot ﬂ@e faptohthepbedesses.
Therefore a liver-selective nmenbrane-stabilizing agent
wi th both antioxi dant and m tochondrial effects is

PomprabriMeastrbliginghagent wathy theseabrgpdrties wddéndlodiag diltiazem
in those conmunities of people who cannot afford
&(ﬁéﬂ%ﬁedefovlhr\’é&ﬁ@'ﬁd"l’%é’@gkﬂ?ry Witk arnuithout; thipmgine can be used to

hh?’t?{:ttﬁgllﬁ‘éﬂ ve menbrane-stabilizing agent such as
razemor related nol ecules that can mnimnse or

cond aMiras liepatitissinbiecineidepatitif B oasth 0l andldtiesnfairge. A
liver-selective nenbrane-stabilizing agent with or

¢ Alcoholic hepatitis

e Cirrhosis of the liver

e Portal hypertension

e Other forms of non-malignant liver disease caused by toxins, drugs, and

abnormal immune states.
e Liver dysfunction during chemotherapy.
o Liver dysfunction after radiotherapy

e The ageing liver.

In the case of viral hepatitis, the immediate cause of damage to liver cell
membranes is the body's immune response to the presence of the virus.
(Loguercio and Federico, 2003). This leads to generation of free radicals with .
damage to cell membranes on the surface and the inside of the cell (Jain et al,
2002). It follows that while the use of interferon with or without added ribavirin

(or related molecuies) is necessary antiviral treatment, there is a need to protect
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wi t hout added thiam ne can therefore be prescribed as
nmonot her apy, be coprescribed with interferon and

w0 p@wand3sn or with ot her appropriate anti viral PETI8D2PF/000561

or be co-fornulated with rlba\jﬁrln or ot her

2 (f?'ték rs@éﬁ%rﬂé%e% Bglﬁa? t%?rﬂ@g’@\%g{ﬂgllgéa/mfh%%ﬁﬁ&hé’ bF&Hes%Q@r FP¥refore a

i stered together as
diver-gelected eanembrame-stdbilizing. apesat rwith vibath t Antioident and

iR easELeEoa3 dn rommaneatn: Tartes, o ety Sreelinegt * Flfinermore,
iR %w&bm fedlof 8 5,51@ WhS lcafiRbi éﬁéﬂacéxégnsmeevirucidal therapy,

vitam n. I am ne a ts as a co- enzyrre or severa .
ﬁm&meohwnth raahveﬂmwveanbmbram-lstabllmgj agenicsucli ag) diltiazem or

Kk t ab thin t hepat i

(B AL RIE T IS, S aPEREh. Bumotrvs cpseqmes an

%fffo?damétamﬁbmﬂaef | Al BEYselbbtRAl fﬁ%?hbﬂéﬁehstbbillémgngggﬁv with or
rove drug-induced mtochondrial damage in patients

WltH@Uh@ﬁiﬁdet ihiarsinendarC thexsferer baieaeribadl esemoontherapy, be co-

BERaRsfoy s AR A bt D Eporeniig gantvial

erapyh & ashobd-formuigteddiwigins baviein Hepaloitidrs cﬁauybuamumstered
not In Hepatitis C wthout cirrhosis (Lev

compeagnesf theemtiyirai-Hiasary sot iiahbofe Olﬁaaiydﬂiéﬁ gfeo@gministered
t t th Hepatit B
It B R 0 Rer's Paver

suggested that the vitam n nmay have a protective
effect on mtochondrial function in patients with

Vreaimant pwith ¢ fhiamigieorMEpmMiBEbmasndfeENotisehein management of
Efc%%%ﬁ{:!l‘(/%r Elf\/\ic%‘s{ge Bgcéﬁﬁé‘{ﬂaﬂgnfsavv;thsth@tdﬁ gaﬂ{aguently have a

properties appear lve |n

antriionalideficiéncyt of thedvitgrhinl. i Thipnohe laets Emallemeezyme fgr several

accruin treat ththlam vitam n) my

FAcuP0P i BloeierkArbuiCAT AT RNGeGINaINg ey Eetabolle processes

WlthFhC @l?é‘q{ép%hc prh%@r?drldf% p@/‘ﬂ%n ( V\QQB)’"C QnARI RGN %etl;‘érrectlon of
, and particul ar I'n those patients wt

outrrtlnoai sdefm:t&m:d biyedtopeatt i wuth chighdng mayallmpM)drug -induced

TRicBhSRGEAT BrRaRe rEmanS Al HpeitS B BRitas Konigrinis and
@?et@ﬁblﬁ)f 2bosy th@?r?erpﬁidrl@é}*ssha\bé‘ Sl QH%tarthl H@'d&ﬁency is

t he corrpl enmentary energy-facilitating ro hi am ne
emmmqns lrarpatl@mﬁderﬁln cfin@sis qaugedrmfr baiht alcohehcmimelr disease and

%g{lﬂs Z(l)n%u? g?mt inP %\{)'a{j fis nc'JJt' 8|?rrl]1tos%d L‘Ff‘eg]vty SRd colleagues,
2002.).  However, thiamine has been shown to improve liver function in
patients with Hepatitis B (Wallace and Weeks, 2001). These workers have
suggested that the vitamin may have a protective effect on mitochondrial
function in patients with viral hepatitis. Another key component of the protective
affect of thiamine it its antioxidant properties, which appear to be active in the

cytosol on account of its hydrophilic profile.

Evidence is accruing that treatment with thiamine (vitamin) may be helpful in
patients with viral hepatitis as a mitochondrial protective agent (Wallace AE and
Weeks WB, 2001), and particularly in those patients with cirrhosis caused by

hepatitis C (Levy et al, 2002). Co-prescription or co-formulation of a liver-
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In alcoholic hepatitis at |east three pathol ogi cal
actions are operating. First, the alcohol itself sets

WQ@p0sRdIsBi ng reactions in which the nenbranesP@r/au2005/000561

danmaged by free radicals. The Wesultant cell swelling

C b : [ wah 0 :

St theihiphs b iRG, 2dént A8 Sifte meioBoRepR in these

lfpm@nit%_. Ith haeittalilan \;\ve,bqﬁeue:tbe wiotﬂlplemeotairly eaiea:?hfgdilﬁating role of
i ver disease are fre nt tritiopa eficient. .

Shiapnine and BpRESHRRTCS R ySostar nehiRe memBEans ablizing agent

|, Cil MM st treatnent for these
%@?@ﬁf{é}&ég'ﬁ\ﬁgm%gﬁ?@%f al cohol together with
appropriate nutrition including adm nistration of

B eicdianatns 2t fpd gt HathHlogth SEens areuaperagAg: First, the

f%é&?&i%@ﬁi sths 6Bl BlidBIngYREBlibhOh WhicHOR! RBRHrahds BRe damaged
the primary treatnent. "The agent may be prescribed as

nonred eadicgls. b&he vepultant oell awelling causedrbegntiyr ofpwater and ions
|ated with thianmne, so that gent

ggquogrhsmtflgq JPW JRITMRAPIS MG TRrghes (P Oit ggﬁ‘ SWelfing" &nhd relative

frg{pﬁsuaa_t irPBdditibn PpebsIBt WithVichForR® i @hol¥ Rivet efwiael @edrequently
ci'rrhosis, the imed ate treatnent is correcti on of

trhdritioredly| gefigentgoathatethiamine diefisignsy Hnpairshdhe mitochondrial

BP0 e B S BRI A oo

Vlb?@thﬁf NHreaSbebrigle ALtFiEon NecludRigegdrniistration of thiamine, the use
bet a- adr ener gi ¢ ant a&oni st. Therefore a

|afv ar liver-seleriive nepmbiare-staiiaing i ageriguith \Rotth #figxidant and

i, da: - r.i.a i OF
IBlpetirE B R, OIS TplshetBap ¥ thb Bfime drpatment.
bithepagestr b beagresonibéd as apynotheramy, heess-prdsedibed twith thiamine,
propranolol. In other fornms of |iver disease including.
16xPe Repaimyiated jwithutBiapdpa: 5o dhata bathy Aaends t3er Rdministered
L [ | tem c chenot her apy,

g %{%@EF’% a{]ﬁ@*%éﬁ%ﬂﬁé?@rngﬂae@rgf the liver cell by
oxi di sing agents and free radicals fromboth within

nd w thout the cell is the principle pathol ogical .
12 rallentnitn poiesl ghuneigasion, Bad G Rosias fien qoaciae treatment is
- I N i i i t
R L e L e e RS B R @8ofin of the
viasoulhao résistarkRad to tpostah pienalus oflown er aiterediaée reduction of portal
radi cal_s. Lle this e a ke hani sm t ar get.ed .
SENBHiS i Wit rpToRRTRIS ik e ac otV Berd 26 riecalc antagonist.
iHehSford AR2P-3ElIckHve mdhb@itel &BBllikng ddedt WthBYth antioxidant and
physi ol ogy with | ow pressure perfusion by portal
mitochondrial calcium inhibition is complementary to this primary treatment.
The agent may be prescribed as monotherapy, or co-prescribed with

propranolol.

In other forms of liver disease including toxic hepatitis, immune hepatitis, and
damage to the liver during the course of systemic chemotherapy, attack of the
cell membranes of the liver cell by oxidising agents and free radicals from both
within and without the cell is the principle pathological mechanism of the
disease. This in turns causes the cells to swell inducing hypoxia with a second

stage of free radical production throughout the cell and the mitochondria.



venous bl ood makes the organ particularly at risk of
hypoxi a and deterioration of function. Therefore a
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wi th both antioxidant and nit o¢hondri al cal ci um

N%;qﬂitﬁé yI a°?s<9 @Pél%'?@sr‘fr?é¥ﬁ3leagr L\ﬂ/hﬂé ﬂtug)?hgy be a key mechanism

rawa enent i seas

t targeteeingt wgahsswlﬁt eancerclieam tie fiagyis lmad&fté@renher necessarily or
radi ot her apy eing liver, there is a

 Birkaray o ihe B0 A PLVSIGIoGH ot QX eSS nertision by portl

SV@ﬁbGé“BFootdhﬁakéy %he 'o?%ér?g%rtgmlﬁ 8 IQB? &Pbkléeérﬁd deterioration

from nat ur al occurri I Sl ects
dofefuncheseTbhmﬁgrz&sa Iwﬁbleahvelmenmame Btabd(ﬂmgmgeat or agents

an t.opl asm un e th ve re at
PR SERR ag! SHEBIBeRIRR s B Regis Compiementary to
f 4Rt befoxil r\)\ﬁﬂ\%{fréwﬁl Ei‘né\rﬁ méf @PfHeVﬁ'nmuHe Jisease, treatment with
menbr ane-stabi |l i zi ng or agents wt
awst@%mdmmamraﬁm@m ﬂdrathothewpzy uminhibition is

useful treatnent for nmanagenent of the ageing liver to

hel p maintain hepatic function in older patients with

apytHée g &g diver, Wré@ahﬁééﬁfchénfdﬂtﬁb'%lsfﬁ | Sro ertles oathe liver
protective effect of a nembrane-stabilizing ag

mqmmaaﬂnﬁ liegrrisdess abiet iocprotentiitse!f dedng inatoratii pbcmnrmg oxidising

Atk ﬁébgg&s%ibg' Lf@%gﬁ‘g@%ﬂ%% hwﬁnhgin?/tg gnggﬁl Jpitochondrial and

ceyibsinsmiatiedctin, hmakbetheatigst smorer @y afiks oprcernegwcéﬁmg, modest
t he OXIdISIng effect of the free radicals on cel

#hard impaired, BnsgoentTherefore ailiver-eelective membrane stablllzmg

gﬁr)]réggé’r#t R{vﬂw Sb%@@y%ﬂ?%ﬁ@l‘é@é%ndﬂ&ﬁ%&éﬁ@énagfcacfcmm inhibition is

heseditiogatesent vibi eflarsg@nventnef tlel agéiagfinves tb&ﬂélﬁ&hémtam hepatic
ur| retain their relative inperneabil

hypaoxi a,

'”s‘ﬁa%m taids Wiheanwdediee o Imeawdnﬁeha’ftc fuﬁ@ﬂ@n is
Iess cell swelling and | ess progression of hypoxia. In
addition, the retention of perneability and the effect

fhisriprotehtiv effatt ofahonembrarhe-lstatbllmmg)egéﬁt:wnhfmwtmida‘ﬁt effects,
al ci Em over | npai.r ed moiiochondrl al

PO RDHREb SRR ITtBP O cand R Resnalipas astiyiaupdministered as
PROSBIRE DY, V&d-?t*e‘%chﬁ@d WVEWC&HBE%% | nt&ney r@Uﬁo mulated with other

preservatlono t he netabolic on of 1
@gents, tprevents antredunssdthey paidiging effect of the free radicals on cell

SERARBEES, Jo B <hbe Bl ptusiihr 8 HSophosee Pibeandite overall
desautieh ¥f E8i enftsraRes IWﬂQW d gl HLeWrEFr‘é%eQ%‘f' hepatocytes,

cytosol (thiam ne) are additive,” and
which are vulnerable to free radicals during hypOX|a retaln their relative

impermeability to both sodium and water with the result that there is less cell
swelling and less progression of hypoxia. In addition, the retention of
permeability and the effect of mitochondrial calcium inhibition protect the cells
from calcium overload and impaired mitochondrial function so that there is
inhibition of free radical production within the mitochondria, and more
preservation of the metabolic function of the liver cells than in untreated hypoxic
hepatocytes.
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i ndependent. A different situation occurs within the
m t ochondri a because the drug appears to have little

woeroosa0ssf ect in health but the ef fect of dil tPEwaALR2005/000561

becones activated during cal ci 18m over | oad. By
in normal mtochondria but

jﬁ%&éﬁ@h%ﬁ&'tﬁ% %’?q:{e@a@rﬁegecone i neffectual as
iWer salidveahanthe ahtimddant weffectsof diltisano @sdrthisamine within the cell
Therefore the protective ct. of diltiazem,on
rﬁ‘%@f@?ﬁﬁl (@tidiere) AR Gatasey ErPGHRS) ArS o Riegrand probably

%5%%% k0 continue to operate during disease
con

Ions. Thus the effects of diltiazem and thi am ne
within the mtochondria are synergistic or enabling.

FR\%]%‘&E%I Psittulgggn %chgnlis ng etrﬁegr%dto%\gcygdﬂ a@g?é‘us% ﬁ]eagr%% appears
j‘l}ﬁtHa%' 1R8O br Pbf STt i? Flehfﬂﬁ b\Mﬂ N et ofdiRia2efi bédtines activated

elr intramtochondrial effects are synergistic or
ehuaingi aajpluff'hevegrhaa(b dBy ebntrasid thiambes eatsr withingigrenal snitochondria

be d j b : | t. . at | . :
5o aperisGoomian Btaf B RefedBkitpobial oY o arfBocRindyg catcium
rc%'n@éﬁt‘?aﬁlfnsann@ét | VEHeRSOPC EHE | pidteat@@nt efié@tm & diltiazem on
orally-adm ni stered fornul ati on. These net hods mm

y
m@alrmwdﬂebmaiqqums caetengraliowso thr | effeat hef thiamine to continue to

di , ' P
B, A0ehe BT ARG e, ALY pOBHE 4 ML Sh triamine
AN tRS mitdBhehdid af Sigferyietic of enalling. t echnl ques in

whi ch an active agent may be bound to a pol yner or

ot her Iar_ge nol ecul e such that absorption can not take
pflg\%cf%rHBWIa ioﬁ I?)? dﬁﬂ%?ég@%% tﬂ?a?vlhgecgfhai%leggéc? ﬁvélr ONist 414 in at least

d@thﬁ Qdysg mheﬁ'eadilcﬁﬁlmmmffmsmihefwhblewcelele&esad@h‘ee Their
vari ed and jncl ude wel |l known ol der nethods, such as

iR Eogfonghial | eftecty AP ngynesdiglicorie CRBERG t EBANPRRS cell and
n‘ﬂﬁeﬂt ondRLNSFd &s %BH b%e(késl(':}'lgég a@céo%’iﬁéﬁle%%rﬁ.r oviding a

rane coatli ng east one pore e dosage
forms according to the present invention may be

Egntrgl | edf-re: easg dosage forns. The nmechani sm of
s e fornms can becontroll ed by
q"hfefré‘%'rérﬂné‘r%ﬂtéﬁh fféél s‘?&ﬂeref%(?é%d(bﬁ‘ﬁr'i“a%tlvé Barmaceutical
formul ati on “conpr es po yner - coat e
ragient izng |amloaala/sadrpm|§temd fomudatiarabl Breseomethods may include
tecr;]'mtlt?ubesetdgﬁgnedht\éd &g ’[hécdlgl% erdrétut)na tc))lf a capsule tablet, or other

vehicle, techniques designed to delay the solubility of a capsule, tablet or other

vehicle, and techniques in which an active agent may be bound to a polymer or
other large molecule such that absorption can not take place until the substance
has been released from the polymer or other large molecule. The means of
achieving these different methods of slow release are varied and include well-
known older methods, such as layers of shellac coating, and more modern
techniques using synthetic and cellulose polymers or providing a membrane
coating with at least one pore.

The dosage forms according to the present invention may be controlled-release

dosage forms. The mechanism of release of these dosage forms can be
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A slowrel ease fornul ati on of a nmenbrane-stabilizing
drug designed to act as a hepatoprotective agent nay

wheoodesidghed to rel ease the drug over a peri odPOf/AEROEN00561
d

6 to about 24 hours follow ng mnistration, thereby

%%hffbﬂéd g @RGSR 69'&6% Sh.r %'é?fr‘né"é?n%o(?l‘ﬁ'e {é“i’th@ 8 formulation

sustalne exposure t he ru to the Tiver.
mbqn‘lseent polyfnerrooiaétd onnultlparélaslah@;sthpol@meg cxmated tablets or

ext pe f ti have nore than one
&Q&i‘é‘g@&ﬁ’g Feﬁfg%*? ‘ect time coverage. The
present invention relates to the finding that a

protective effect of |ow doses of nenbrane-stabilizing
dgslonsre{eand fodinuatioin of ammhnaneestebilibmglchrag ctdségneﬁiOto act as a

d f
TP GptoRE4 B FL Biay Portstighie & FERe M e iofRr o Beriod of
laboel b thadtnt Mﬁau@‘fdllbﬂnrvgﬂ%@%ﬁbﬁéﬁ@n tinaketyg eﬁ'ﬁMi:hg once-a-

acts as a |lipophilic antioxidant to penetr at e ce
day genvnistratipntanccpravidiagrisy susisingddexposytsh oh the drug tonthe liver.

' ef f nho [ipid o enat |
b SR bo TS T BlanBHR RS g B TGV, 57Pe8 Beriods of
TR hay heleameres offg@s idneoniney rdleasy @orh]ﬂ@ﬁent to affect time
previously reported for treatnent of cardiovascul ar
gP¥&asge- with the exception that the dose of Diltiazem
is reduced to within the range of from20 to 70 ng per
day. As discussed above the slow rel ease conposition
Whelpresaftanadaitionatetates dottiae Iﬁnﬁim'géth"aﬂa p'rOte@ﬂvémﬁt oPfow-doses
froml to 20 per day, preferabl day.
?ﬁ@*%ﬁ&?@@rﬁtﬁgﬁzwﬂyaw@ Cé%agfdjﬁlaéﬁ%aaéipws of less than 50
S C I [ oo

B SRR R0re 8T8 Sl TEIRER, (rahidiolo s FhedBie by a direct
roeécetmeeeffedﬂ B tl@hverl\lt&elf ratfie¥ithafiléh tl’(e Bﬁécdtaﬂre that the drug

917,899 and Iﬁ 219 GZé di scl ose dilti aﬁ$
RtfBmdbafi JREPIR: apticxdret 8 pegelrate salls nard rpiqtest both cell

CEERIHEE eSO (4 M odnfbhect S Mot

exyoenetioncand thait quis perat mitoch@glriat ealailmh @intdgaaigton
once every 24 hours (i.e., once a day). To obtain the
di ssolution profiles disclosed in these patents,the

Ties ngibat Ir@leésé“ é&h?é@iﬁohe%yr ®ed o4 t 4 ggba ?éwB‘Lgp"l?r%ﬁ%rted for

that coats the cen core”and an or
teatmant cef ecasdigvascular tdiseand twith attaereneemmnehat the dose of

ggtzléq%gjx j% r:egagécg 6(6 gﬁlgc rkedré)r?geed of q’rc%rﬂeég tgag& nrtna gerreday As
discussed above the slow release composition will preferably also contain
thiamine in an amount of from 1 to 20 mg per day, preferably 1 — 5 mg per day.
The composition may be designed for once daily administration, twice daily
administration or more often but once daily administration is particularly

preferred.

U.S. Pat. Nos. 4,721,619, 4,891,230, 4,917,899 and 5,219,621 disclose
diltiazem formulations that purport to require administration once every twelve
hours (i.e., twice a day). U.S. Pat. Nos. 4,894,240 and 5,002,776 disclose
dittiazem formulations that purport to require administration once every 24 hours

(i.e., once a day). To obtain the dissolution profiles disclosed in these patents,



citric acid, fumaric acid, malic acid, succinic acid
and tartaric acid. According to professional use
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" bAnQ

CARDI ZEM RTM CD di | ti azem cag8ule is a sust ai ned

%@ ?&%L@étﬁcﬁsﬁgﬁb% J&Lﬂ[’ : Fﬁ@h%)ﬁ rﬁg&% el the central

d@se@an@fanoojl@anmpacuﬂ &n ahé aytiveSicord and/vr i m@ﬁﬁﬁﬂ ﬂay@r membrane.
24- hoEr diltiazemrel ease profile, the pellets in'the

IeVProRma acids disdeseskim tape paents are agiric meid, @scorblc acid,
agjtfe ae@é?%@aﬂb %cﬂ)c'rﬂah@%&da gwlﬁglbtelo %Bd TEARAR LG &ording to

coats t ntr éore ccbr
apoofessiohaloness pmf@malort hiesped | &S Marsdn bMetrdliedDd&@T Inc., the

o e AW orCRplitarirasiinis o Sisapned repase cditiazem

h t
'Pg?%ﬁtﬂegédgg%ﬁgl 4f1%9‘eq gbg‘@@e{)P@Obsr\}\ﬁr gﬁlﬁaggrg hiridehioride with a

couggesied dosageof ohegapsdld zmnlgy] ngpaelyl, & sbmin a 24-hour diltiazem
dil,tiazem pr ovi d a uni tiazem

ol ToNBgepele 1 b CARMEEIATNG Giedltazem capsule
CRERRA furRari®facihar BHRIHiE QRid, hhd laorWuft?Iggﬁls?nembrane that coats

conposition conprises a core contal ning
othe @@ntmjr@rpoAywding totite afpsem@htioned patemys,athe pellets must be

CHAETA Hatbbt pEROUR kb pRoh e SlRgREass rer

mat eri al such as a sugar sphere. Pharmaceutically
acce&@gble bi nders such as hydroxypropyl cellul ose may
appraded whick. manbedvapted fasruseciodhe myscessyof the invention

CRTBCH g DI PRiorth B4 TR B ) kB 2P natr
t shatt liag mnlcﬁfgi |4t et f EXARRER & @odlubtaa&ﬁrarm release of
per nmeabl e éﬁh@r I's the cationic polyner synthesized

¢'BW§H}9\YQV@ oHepAded.yl i c acid ester with a | ow
content of quaternary anmoni um groups, known as
EUDRAG T RL (rmanufactured by Rohm Pharnma GrbH)

ehhyheetinblodiaentc ef | theosenmositiahe of aBk! veiBon the slow release
pr?ﬁl onate (lower, nmedium or_ higher nol ecul ar weight),

ROUQN SEBPHISES 69reoﬁ%tém"@ﬁllmm adsle@Rg @ more polymeric

%@ %g;rg%eédrléyr?%gt tp%@ﬁzg@&% a(é%ental l{?( Q‘ﬁ%@ne component.
rfﬁlmaorreynnayé))e, fopmle;d(dmh;deen!ecﬁfh&ﬁrrebdamlﬂé; aelindrt Retial such as a

eracrStPe P BIAFE A Hreoniaels iirddrs” pudly(andnghoxypropy
"EAIDRBEYMAY De uBd H RS B¥te. The one or more coatings may comprise a
polymer which is permeable to diltiazem and water and a polymer which is
relatively less permeable to diltiazem and water.

An example of a diltiazem permeable polymer is the cationic polymer
synthesized from acrylic and methacrylic acid ester with a low content of
quaternary ammonium groups, known as EUDRAGIT RL (manufactured by
Rohm Pharma GmbH) ethylcellulose, cellulose acetate, cellulose propionate
(lower, medium or higher molecular weight), cellulose acetate propionate,
cellulose acetate butyrate, cellulose acetate phthalate, cellulose triacetate,

poly(methyl methacrylate), poly(ethyl methacrylate), poly(butyl methacrylate),
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acrylate), poly(isopropyl acrylate), poly(isobutyl
acrylate), poly(octadecyl acrylate), poly(ethylene),

w@eiopfexshy | ene) | ow density, poly(qthyl ene) hiBgI/AU2005/000561

density, poly(propyl ene), pol ¢let hyl ene oxi de),

BRASPUONA ) SriBfecaiaa, o) BoygRBbi v b8! | poly(isodecy

pobthaceidtalepaly(laurgi miethazrygbtednpolyaheony! rrmtleaan‘sllaité?emly(methyl

Suitabl e natural |y occur poI nMers or re
&ce/lpleds pelykBamrRYk oaﬁ%([aé?)ga Y)(I'qqqu erﬁqrﬁ@@depo y(octadecyl

Fpia): | FRiANIEno P RO Rlr] b Yot pd¥@ifiene) high

Idea&tmerpmz{bfcmytme()l,l |pdldethyiened eade); poly(aldene terephthalate),

RO PHERRUS e EDSRARIY! setPie) nalsBl REIEE) P gAbrethane

%V%%Er&bf Qﬁ9 NS %r'ﬂa{l;}%“@ paeeé Bﬂﬁa!ﬁl@"\’%’tu@ﬂ?‘!ﬁcul‘ﬂng polymers

groups) ethylcell ul ose, ul ose acetate,

or op@strsatteat( laoavdess nwmeabdn thi gmer arndedtﬂ@enmnglhdp shellac,
El | ul ose acet ate @( onat cel | ul o % acet ate

5 M B

#0580 SUNILNIPET 55 R Fn R P e TS e

triacetate, poly(nethyl nethacrylate), poly(ethyl
met hacryl ate), poly(butyl nmethacrylate), poly(isobutyl

Peistanogsahel capdwq/@ﬁ@dyhah@fmé@ﬁs)/p@tr@eablpdp iltieagecand water

TS e Rl Q0h EEBSACH B RLURIEN oy mohm

BHayinat GnbHEYDRAGTIRS ls?lle}zé' p’@rﬁeﬁeabm)!h)ahcauamlrr RL because
acr | at ei/_ F§§O| y(et hyl ene), poly(et hyI ene) | ow densit

lﬁéﬁh é)asrfpwr@émmpﬂgam AEPYRS) redpyieeiiigse, cellulos)é acetate,

8%'%?% PR {Ekor, AT V7, Ak SHERRMEY By, celuiose

aoéwe nyropfdrlats,i dellulose padetateetbuyrateyr callulbsd Lcetate phthalate
I|Y two or nore of these. Suitable naturall%/ OCCuUrri
‘i/'ﬁ%? s tdacetat, nalygret B)/le ﬂnéﬁha%)@???éabpe viethwlat @}ethacrylate)

i T
poly{isedscyl t hemedimarylgtd)ayerpoly(iﬁwyles adthacryte), angolg(phenyl
m”%\%’?ﬁ? o BUHTSIS) SBeIAe § aBP(sGarRyl caCRiatehppely(isobuty

ré/?e{t@)”‘t ﬂac‘!l &)cfté’de P%icWT%ﬂeﬁzgfﬁb/ zlfeﬁb rmééﬁyﬂbHQ)e low density,

as ac cia
pelly(neth;zleogb higindrdityy pn@(pmpyleoe) qxﬂye(athwenad oxxtje) ,poly(ethylene

etyl, . al cohol , chol es 0
ESatndlESinahutist BRbEbEan aRy Tl gcstigb SN chioride)
BP pRRiPEthahE oy dhikyrer QPéhyGtWo' 8t BRfte of these. Suitable naturally
occurring polymers or resins that are less permeable to water and diltiazem
include shellac, chitosan, gumijuniper or a mixture of two or more of these.

In addition to the polymers, the coating layer includes a lubricant and a wetting
agent. Preferably the lubricant is talc and the wetting agent is sodium lauryl
sulfate.

Suitable alternatives for sodium lauryl sulfate may include agents such as
acacia, benzalkonium chioride, cetomacrogol emulsifying wax, cetostearyl

alcohol, cetyl alcohol, cholesterol, diethanolamine, docusate sodium, sodium
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| anolin al cohols, lecithin, mneral oil,
nmonoet hanol am ne, pol oxaner, pol yoxyethyl ene al kyl

weehena3spol yoxyet hyl ene castor._oil derivati veBCT/AU2005/000561

pol yoxyet hyl ene sorbitan fatt?zaci d esters,

e

Q&N éldbr@ls;f l@mthmyvo mnnerairembf nTwoeﬂ‘raar@dﬁmme poloxamer,
Suitable alternatives for talc t a{ be i,ncl ud
eb)ﬁ'?ﬂél d

in ..

Ry aatIR S AI6d! CPURTSt cRPYPYY Gp8F | (b defvatives,

'f&fsw teftdt |
oy Buor hiota THED ok ESisy BoRicR oty fierbtoBtetes, propylene
sy alginate, aorblwhwséensf steayyl taleohwd amdrteetbfanp}aémne or a mixture
faoregoing. A Zi n agent is preferably included
iaf atnb{éWQCPJtmﬂ'S? %"Pﬁ‘ﬁﬁe&? Ghe elasticity and the
stability of the polyner filmand to prevent changes
in the polyner pernmeability over prol onged storage.
mmbbé]aﬁgmtwealfdr dalccbat tmw deugcludedasetheageating are calcium

|ta | e onal [ I.Ng n
Headie: ediAosl son0udS BBBURT PR un FigEfe. mineral oil
othjlEhSt dol Chhdl Hrfs steasdte! aRirhiniumh ttégrads ofl a mixture of any
sters; dibutyl phthal ate, di butyl sebacat e,
dwetd’ryh@md)fdhe forigeingy/l nal ate, di et hyl fumar at e,
di et hyl pht hal at e, di et hyl succi nate, diethyl mal onate,
diethyltartarate, dinethylphthalate, glycerin,

01 b%%h@ﬂzm%%g@rﬂw lpréfetaang irtlkieddinythe repating lnolimpaive the elasticity
m ner al | anol i n al cohol s, petrol atum and

|aigothen sﬁabﬂamfsthepnmymarcﬂlab.aadef@t gravent ahaggRs | iane polymer

SV G, R ot S R BBOREEGA et the

tréle%utsbylrat@CeSMltalﬂet lcaheentionah pllastlclzmgofagenjs tmolude acetylated
nore of the fore?m ng. Triethyl

ﬁﬂ@@@iwgﬂq@sep@.e %mlbﬁ’pygg?a’r@, zqc,ea/?tg rgp)é CItﬁ@tpepﬁgftqr\;gh >pltr|c acid
cérstérg ag%'ui%o Rt a0 glﬁ?ftylgé’@édgfg ”&%tr@%’% étée gfdthyl malate,

or gani ¢ acl uch as”adi pi ¢ aci ascorbic acrd
(dléthyktumaraie furrdrertiwlphihdl,ateral [ odmthytt,ucsmadne ni c (ﬁeihylmalonate

An
shotbgiaiaitg dardenalat Gchlner dRESRar BhEEMbodracetate,
gly‘r‘cfgrgtr i e’ce°-" RAn&is @Ftdn‘de IéWfﬁiW SUHHOK! PBIFBIAIR BAS lanolin

gore fherel an arrangenent 1s
csuhdldephthaliClaeid estens, pmiyeﬁay@n%@lye@s pmpsﬂ)enﬁ/gtucng rape oil,

S T3 LR Fie B 55, SR AP T it o

4 Hikee or igmyURd8E ertre CorotRé. BAEY0Mg Cliriethyl citrate is the presently

preferred plasticizing agent.

Alternatively or in addition the core or coating may comprise an organic acid
such as adipic acid, ascorbic acid, citric acid, fumaric acid, malic acid, succinic

acid, tartaric acid and fumaric acid.

An alternative method of controlled release is to use membrane coating about a
core comprising the active agents which membrane has at least one pore
therein. Such an arrangement is described by Chen et al in US 6,866,866 for

providing slow release of metformin for a once a day dose. Chen et al also
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may be utilised with the | ow dose conposition of the
i nvention for treatnment of |iver disease. The

WO poosnea3smn will now be descri bed wi th referenceCt/aU2des/000561

fol | owi ng exanpl es. is to B8 understood that the
HATRLE (ﬂqagﬁld%l%’étedﬁinm g\ﬁgyfloﬁfd#géiéf‘ﬁtlf\%$ %t&ﬁt 8,894,620 which

SRAP HeOftilishe witty eng i doEeajmh;HSltE)mrrbtr&a ihvlentmm rfor treatment of
Studi es - Hepatoprotective effect of diltiazem The

dW@félﬁﬁaﬁé effect of diltiazemon cell nenbranes was

exam ned in piglet hepatic m crosonmal nenbranes

obtained fromthe livers of 3-week-old femal e piglets.

Tie: mventieo ml noermddasmibmlsmm exfepahosi tbrtheifollmming examples. It

\ﬁg 88 |bfe,célr|1c\§f§Ddl lt%ggé@mﬁ*;r%p eqféi&rﬁg@%%é@y g%@f illustration of the

f
&'ﬁ@dajgy’g% &%P%‘r'f 'ﬂann(%t \Qlﬁ%ggﬁgn% %gh@fﬁcoﬁértﬁrtﬁ'é fHvention.
dEXeripteshl ori de) . Fol | owi ng i ncubati on the m crosonal

m'xturﬁ )‘vas centrifuged at 2000 rpmto renove excess
diltiazem The extent of reactive oxygen

5 H@l%e\?tul]%' —aH%%ald@bfécﬁﬁé erLeRdf Afiakdmt he m crosoml
en neasured enploying the fluorescence
n’ﬁ'fekptotdc’mm effett oﬁrdehezemmcenoneﬁ%rarlﬁ Wias) eXafl‘iﬂ'@é’ in plglet
nal ysi s. The results obtajne
Tt Hiestotindl TeriSanss Hridied R HEsRBt $Mdeicolg fomale
apnsle&e dgpendfiosbAHlPiftdcaBn Ofvasetreatde vath @ﬂheomm active D-
shown by reduction in DCF activity in AAPH i nduced

fdlleezemd ioc dhe velsodBactiveabiddtiaz Oacﬂuooptgl\/l) foraamehour at 37°C

BT U S o o b SRR, S S
%?Qld%‘ﬁ% %}9‘3@ #aenPRAASE RdikRAng 1dbatioh4Be #MidRssomal mixture
44501 SEM 13 1 865 371 688 158 Dose L-diltiazem

(wdg cEotrifuged ]ajoEO(m)opms(bo genwve excess AAPH and diltiazem. The
extent of reactive oxygen species mediated lipid peroxidation in the microsomal

membranes was then measured employing the fluorescence market
dichlorofluoresen (DCF, 10u for 15 min). Image analysis. The results obtained
from image analysis showed that D-diltiazem, but not L-diltiazem, produced a
dose-dependent inhibition of membrane oxidation as shown by reduction in

DCF activity in AAPH induced free radical release.

Table 1 DCF activity in AAPH induced free radical release in microsomes

treated with D- diltiazem

Dose D-diltiazem (uM)

Control 1000 500 250 50 5
Average 56482 27258 31498 35148 38293 44501
SEM 1330 - 601 865 371 688 158

Dose L-diltiazem (M)

Control 1000 500 250 50 5
Average 54973 49937 53182 51120 49949 52799
SEM 1477 1429 2506 1108 874 894
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Aver age 54973 49937 53182 5 1120 49949 52799 SEM 1477
1429 2506 1108 874 894These studi es, conm ssioned by

wa b@siensent or and undertaken by Prof F BurczynB&i/AU2005/000561

the University of Wnnipeg, sdfgest that diltiazem has
a hepatoprotective property that is independent of its
vascul ar pharnmacol ogi cal properties. In parall el

studi es using HO2 as a free radical generator,
diltiazemwas not protective, It was concl ud

Feseastugiesh §9H%‘é§'°0ﬁ9dpﬁpmel iV %’sé}”dré't” QFtaP‘m\nby Prof F

i‘;etgg%g%?(ot%#C'ttﬁggtﬂg\)feg%lf?ﬁ gVFﬁn em@@#%e% magmdlr!tcleazem has a

Hiespatosrotactiee propenyz dhats lsm-rdepebdammeﬁ it6 reaacdlaregharmacological

gir%.'aétafégf‘ Sn?@’(e@z%[ I ,§qu|8§ ga@gﬁé&zcﬁ'\é ég‘r%a),rn%lca‘f\%enerator diltiazem
Q%LC%B% {z‘ﬂeeﬂvé’f I"t“v%so%eﬁ%dléﬁsthét W@Q ack il Ic§ERA (hydrophilic

concen ions were 50 and 500 Thi am ne
@hzcehtather thas attemrlearilpon)mm@membraﬂe$ and 100 nM
Free radi cal generator AAPH was 1 mM The study
detected hepatic |ipid peroxidation products by
?gmpiéﬂg the fluorescence activity of the dye DCFH by
eader as descrlbed |n our previous report.
2 higiain®eOH for 2 hours

T TR N —
r%?@vﬂagwf acffiEresomiaeP dre mcﬁé@saﬂesow eurdil | lte“cmlretlofdr study.

/'m uSi ng Phosphat e Buffered Sal i ne (PBS).
M onasntiabion e maicreraibes s@sw trAgAilr | Billiazesn senseriratinns were 50

706, f
b 5 TS PO 198! 8K 00 v
$reg el rgHeratoM AAREOWals nTimt\MreTNmstmdlwrdeitemmbm@i\tic lipid

wth 1 mM AAPH for 1 hour to initiate freeg radwh
.pm%éatupn pragiusts by paabeing theflupressgncgactyiieof the dye DCFH by

hl@?%”#r%%er gg%%ghg ] br{mgﬁrs ;??ﬁg[og%g-gamcoxt ure was

ultracentrifuge tubes and the procedure repeated twce
S BB AmasctoaER S9nel NePh FHEM5R ot PROoand ARes hich time
|9wa§5herﬂftr%\‘1£§§ A El E)t?’gi%ﬁ?%%tl%‘&bll%ﬁ YorFr%PD@Iﬂ-I as described

["'uor escence te reader shows
rtg@djh¢ snénufiachlrér. st Hdpatic (micé)sorése vealei ﬂlllmtadoto 1 mg/ml using
t&rlwoasrghg?e tBouffered Saline (PBS). Microsomes were incubated with various

concentrations of diltiazem, thiamine or in combination at 37°C for 1 hour.
Control microsomes were incubated with PBS (no drug treatment). Microsomal
mixture was then incubated with 1 mM AAPH for 1 hour to initiate free radical
induced lipid peroxidation for 1 hour at 37°C. Following incubation, the
microsomal mixture was centrifuged at 2000 rpm using 5000 MWCO
ultracentrifuge tubes and the procedure repeated twice with PBS to remove any
AAPH and drug. Lipid peroxidized microsomes were incubated with 10 uM
DCFH for 15 minutes and fluorescence activity recorded using a fluorescence

plate reader.
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m crosones substantiated reduced the fluorescence
activity (i.e., suppressed free radical rel ease).

w@@sadd3sti he addition of diltiazemto thiam nePeBAULISM00561

in a further reduction of flu8Pescence activity
. Q
2 e AR ) B ARt it

Cﬂﬁlbfds@h%@ I@Ubdwmedteai grckaedr theeflumresoenden attivityr ése:enuppressed
activity, the reductiop se addi tiv

Ireesippitaasioreelt pé/@(@‘ i a9 0B L HARET ﬁpgﬁwnsﬁesu'ted in a
(oA EREEBl ol eblsckfeachat G 0 ReldublEn® aciviy was
atgtificare antowxarthmigrardbsps ovfe dilfiazeref f edhe edditine of diltiazem

i solated |liver cell acting on the cel] . 0S0 nd
oS hesha Oriaia aHeOTL I Bseetiesh ot LR pgudiBh seemed to
gf%ﬁ W diltiazemplus thiamne in mtochondria
i es In

m t ochondri al suspensions nmay be undertaken
to exam ne the effect of the conbination of diltiazem

i f
Fobis Boimieses B R anesan Al RERRR S 0t cori ¢y
by measuri Rgokbscebhbiiiy (ﬁfeeAB&’ctapreséaga;I ate oxygen

production. As an additional control study the
brodutti on (FudkeBcenceiAativityt ochondrila may al so be

exanfec: seaseoTel % ey (o ST T
ncregc?rﬂﬁﬂ he cal ciu Egerptratl of ?ﬁ"%%‘% perfugat e.

FExamlnation of the efife f_each of Hne and

HiUNi hzem separ el y and59he| r t¥hbijna®Pon na@ﬂcbe

carrigd out|to denonsirate that diltiazemflacilitates

he I frpr oved ener gy p1 od_ucti on. in a di seased ﬁell
bMuctl g@lm UITB']{l\iif :2“%,% J‘T '?Z a i%@ mﬂl%ﬂjl 1er gy
Ebbho®Bi b F4Mml ela 137 odi 1930 Filf 433 i §

Pati epts The follow ng clini cal protocol may be usged
0 stpdy and vali date the hepatoprotective effect|of

J\\M_r‘l'\cn Walvya rnlaao r~|| | f| -)_omCL nu ol Ten
A -ty T H—Ect

RZEF
Or nof e pat Qiktiggenm t h &1epat i tT@a@‘%m have not begn

[ NAat poowst sy | viral psog | D500& | D500& | D500&
T10  [T50 T100 T10 | T50 | T100

Mean| 29219 |-~ 26318 22014 | 28892 | 23468 | 21200

SEM | 690 595 204 453 590 180

These studies suggest that diltiazem and thiamine have additive antioxidant and
protective effects on the isolated liver cell acting on the cell cytosol, and

microsomal membranes.

Example 3
Hepatoprotective effect of diltiazem plus thiamine in mitochondria

Studies in mitochondrial suspensions may be undertaken to examine the effect

of the combination of diltiazem and thiamine on energy production.
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t herapy or who have not responded to treatnent with
interferon with or without ribavirin, will be

wo e@sno13ssl i nto a study exam ning the effects PET/2B2005/000561

and 50ng of diltiazemin a sl rel ease fornul ation.

8
h . 1 . i . . .
SRR S SRR PRl R ey b

¢RESRMngathieoaisiligf o AADR tonstimutEtanixygen mrodietias é)s an additional
Preference should be given to patjents who do pot, have .
qontrol sty dee PEUCEPNOh AR IREPLOSNONSIE TBAY Fl50:hR Sxamined.
al cohol intake problem Each fornulation will be given

as a once-daily dose for fourteen days. The

mpedstRy odircinayeeesitatedfby invredsing thel caiciuet easeentration in the
diltiazemon the liver will_b asur.ed [ect.ively by...
o aieng EXRBIRIaReT 16y ST, BT ceaeth o dhEENE vty Yitiazem
%{)ﬁﬁ—zﬁg@sbﬁg %H?e‘?r DHIBIRAR nay e chfied NutP®b | @dthonstrate that
W respec o fatigue and well-being. In a formal

diltinzeral fatilitates théeémipadvesk endrgy preduciian toabdisgmsasdcell. Indeed

Eﬂﬁ%ﬁ%@ f).r@g l%ggqsélg ist%ar&rgvf%g ér‘é?gaiesékﬁaqlﬂﬂée is ineffectual in
diSelseli @ Aftodt¥hdeilal ni cal investigator, the study may

permt patients to increase dosage from 25ng per day
to 50 ng per day at the end of a 14-day treatnent.

wever, ,rather than expecting a greater effect with
%—’Eﬂ%r doses, the differential efficacy between
t@@%‘%@&ﬁivb%ﬁ@ﬁ% Piakeht¢ to be a function of an
indrvidual 'S severity o I sease where nore severe

Téet rfollewing (ﬁinfahﬁo’f@ﬁ@hoﬂ‘@yf I:@WLE@Qatt‘ésSB‘dNL@ﬁ‘ér vaLidate the
tratl. s t t
SEREFTIRRYY shar sy, B Fejhse i | 12000, ¢

that the 25 mand 50 ng |iver-selective formnul ati ons
of diltiazemw Il lower ALT levels towards normal, and

will note less |ethargy and fatigue as

[ I
t-hej i ver f. ' ' ; r RL ; i
b ORI P R 0808761 beh el it antvirl
lthareipy 32 weied iheee Mtiregpendeidalol Iréatinment agénintedfetonbwith or without
anti oxi dant effect and m E ochondrj al cal C:I'Eum

ribaVisi, ihbe JRERIIs 1810 ¥ SR RATEINDG R R 0525 mo and S0mg
Wﬁlﬁ?ﬁema}nl #l&@v-?e%&%t onﬁufé%{())W' Eéb!?ﬁaﬁéntsyrﬁhll@ haydStable but

requen be co-prescribed wth antivira _
tabmatrmehliver Sundticrstestdas evidehcéd by letevatedprasma obncentrations of

viral hepatitis, thiamne_in the case al.cohol i c,.
Hdp a{qmqng;algplnﬁrtw}sgﬁ@sgf P(%e{q.%;ecsjwlcgge&y@rbfo patients who do
MRERIRNH PY- infection, or in whom there is a significant alcohol intake

problem. Each formulation will be given as a once-daily dose for fourteen days.

The hepatoprotective effect of low dose, slow-release diltiazem on the liver will
be measured objectively by assessing the change in ALT levels, and
subjectively by assessing the symptomatic status of the patient with respect to
fatigue and well-being. In a formal clinical trial, the latter will require double-
blind — placebo-controlied studies with appropriate questionnaires to assess

quality of life.
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Exanple 5 Controll ed Rel ease Formul ati on of Cal ci um
Channel Bl ocker and Rel atively Hydrophilic Anti oxi dant

wab@sfied3sdwi ng control | ed rel ease fornul ati on PE/AD2005/000561

prepared: Core Drug conponent 272 to 70% w w of a

1 XLure. of .dilfj (s t diam . .
A Bl o BAFBUGRE hebiEmbe BerSLRY, ey it patrts t
gﬁb@ﬁé;d&@gégr@%%h%@arﬁmgﬁﬁg rﬁ?tperékﬁ% at the end of a 14-day

asticiser: 0 YExa T [ 1 ow .
Eirmﬂe@lt-e aEleweyehulatheno th;)rb I%XP@PtEg?s @O Q(F(%rv%nea %ﬁﬁgﬁlﬁ’gﬁﬁ&f higher
repase ; :
o D6 gl SRt C oty acR, TRl tosel I Refe [t be @
JFuhetidi ghmnsinbividml'2 &g venat bhdisEade agiareRnored segere restriction of

ceAtaliengus o cleetas ZEhlagF Soncameetia P MBI fver, and

s SR o B P e AR < g/ Lapsan

It is expected that the 25 m and 50 mg liver-selective formulations of diltiazem
will lower ALT levels towards normal, and that patients will note less lethargy

and fatigue as their liver function improves.

Co-prescription and Combination Therapy

Because the use of a liver-selective membrane-stabilizing agent with both
antioxidant effect and mitochondrial calcium inhibition (such as diltiazem) is a
complementary therapy, a liver selective formulation of such a drug will
frequently be co-prescribed with antiviral treatment (such as ribavirin) in the
treatment of viral hepatitis, thiamine in the case of alcoholic hepatitis, or

propranolo! in the case of portal hypertension.

Example 5
Controlled Release Formulation of Calcium Channel Blocker and Relatively

Hydrophilic Antioxidant

The following controlled release formulation may be prepared:

Core .

Drug component: 2 to 70% w/w of a mixture of diltiazem (20 to 70mg)
thiamine (1 to 20mg)

Binder: 3 to 98% by weight

Coating
Membrane Polymer: 50 to 99%

Flux enhancer: 0 to 40%
Plasticiser: 0 to 30%



Diltiazem Hydrochloride 40 thiam ne 2 Eudragit L-100
65 Met hocel K-100-M 175 Hydroxypropyl cel | ul ose (HPC-M

wda2@sheassdse 100 Magnesi um Stearate 7 Aerosil BCTava105/000561
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720Exanpl e 8 The fol | owi ng net?®od nay be used to
prepare controlled a release fornmulation of diltiazem
and thiamne in accordance with the nmethod of US

Hak fiNpl&6616, 345. Diltiazem hydrochl ori de (25Qg),

thiam ne hydrochl oride (25 adipi¢c acid (0.5 k

t e fqllowing Ivg Hoge Slaw shieadk daailpipR o mﬁmog&,\@‘ flours may
0. nes ] negenous powder .

?‘P?e%e&%%f Eﬁaﬂii/]e Er{eét@%dppfléjg’b[tb%ﬂe@% g’rd(?:g%/ sugar seeds

(0.6-0.71 mmdianeter) (0.5 kg) in a standard coati ng

pan using a coating solution of: 10%
i nyl pyrrolidone 80 parts by weight in isopropanol

Y 2@(1;1 | ose 20 parts by weight in isopropanol
?‘R/tgseedgﬁar coated with a neasured vol une of coating

SDhigtriet 3yl owed by dusting on of a neasured wei ght

of the powder m X. %ge coat ed seeds are allowed to dry
aHWW%p@@MW?‘@"%stee Pepeated until all of the powder

h bggd. The coated seeds defining active
Shaa Ghepaes

dried overnight to renove all traces of
sol vent. The active cores of the pellets being

prepared nay then be surrounded by a nmenbrane sol ution
cﬁﬁgl—@&' ing of: 5% Et hyl cel | ul ose

Eudragit RL: 0.5g
Eudragit RS: 6.89

Triethyl citrate 0.7g
Sodium lauryl sulfate 0.2g
Talc4.1g

Example 7
The following siow release capsule formulation may be prepared by the method

of US Patent 6,074,669

Ingredients mg/capsule
Diltiazem Hydrochloride 40
thiamine 2
Eudragit L-100 65
Methocel K-100-M 175
Hydroxypropylcellulose (HPC-M) 125
Lactose 100
Magnesium Stearate 7
Aerosil 8

Total 720




90 parts by weight in isopropanol 5%
Pol yvi nyl pyrrolidone 10 parts by weight in isopropanol

weamb/1e383 of menbrane sol uti on _may conpri se 5pET/al12005/000561
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sol ution per kg of coated seed29REFERENCES Angul o P,

Patel T, Jorgensen RA, Therneau TM Lindor KD.

Silymarin in the treatnent of patients with primry
biBXamplec8rrhosis with a suboptinal response to
ursodeoxychol i ¢, aci d. at gl ogy 32: 897-900, 2000
CIRefaoMnG Mt risy, b8 Seds§ Krenaresgertraiessa Kiase formuiation
L3P GiltfubentiSand othidhiRe! il ddcBfdnc (it} AhBAelfiod, of US Patent
therapies in patients wth chronic |'1ver di sease~ rr
Gasitmahderol Rep 1: 50 - 6,1999. Draper DW Harris

VG Culver CA, Laster SM Calciumand its role in the

nucl ear translocation and activation of cytosolic

PDRsEbE Rgd®CAIoNidE (25068! thtarh bl (249 Lflipic aci

TNF- i nducegé@popt osiQs b)g?’cycl o%ﬁw@gﬁﬁﬁﬂ}em&&[plc acid (0.5
1%g) and éalg30 100K |a0e dlaqdedaand milleRotheoudh a B S missh screen so
M i.stl Silybum mar i, anum for the therapy of
|ﬁég?togkaﬁéggémggggo%qwqgmero| 93: 139-43, 1998

Comment in: AmJ Gastroenterol 94:545 - 6, 1999. Jain

SK, Penberton PW Snmith A, MMhon RF, Burrows PC,
AbbatReydar may \agrerplipd/tostarshisugar seeds £06F0.Zfram diameter) (0.5

hepat i ] _ . . he d' |
i e L
Dieterich D. Hepatoxicity of antiretroviral therapy.

Al Dis Rey. 5. 36 - 43, 2003.
0% Polyvinylpyrrolidone

80 parts by weight in isopropanol
5% Ethylcellulose
20 parts by weight in isopropanol

The seeds are coated with a measured volume of coating solution followed by
dusting on of a measured weight of the powder mix. The coated seeds are
allowed to dry and the coating step repeated until all of the powder has been
applied. The coated seeds defining active cores are then dried overnight to

remove all traces of solvent.

The active cores of the pellets being prepared may then be surrounded by a
membrane solution consisting of:

5% Ethylcellulose
90 parts by weight in isopropanol

5% Polyvinylpyrrolidone
10 parts by weight in isopropanol

Each coat of membrane solution may comprise 5mi of solution per kg of coated
seeds.
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nitrendi pine. 5. A nethod accoBding to claim1 wherein
tlaﬁ_/g@ i um channel bl ocker is diltiazem 6. A nethod
according to claim1l wherein the cal ci um channel

bl ocker is diltiazem adm nistered in an anmount of from

20 to 70 er day. 7. A nethod according to claim6
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dai.ly.d f.thjam IS i h f f 1 to 20
g 38 Aripeoytliot s 69l yOHaRN WheReompered with the
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dose of from20 to 50 ng per day and the relatively

hydrophilic antioxidant is thiamne adm nistered at a

dgse of, from 1l to 5. er .day. 10.. A nethod of )
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[ %i cal liver diseases characterised by chronic
i ion. 14. A method according to claim13

wherein the liver disease is toxic hepatitis as a side
ef fect of acute or chronic drug therapy.
4. A method according to claim 1 wherein the calcium channel blocker is

selected from the group consisting of diltiazem, verapamil, amlodipine and
nitrendipine.

5. A method ‘according to claim 1 wherein the calcium channel blocker is
diltiazem.

6. A method according to claim 1 wherein the calcium channel blocker is
diltiazem administered in an amount of from 20 to 70 mg per day.

7. A method according to claim 6 wherein the calcium channel blocker is
administered in an amount of less than 50 mg per day.

8. A method according to claim 1 wherein the daily dose of diltiazem is in
the range of from 20 to 70 mg and the daily dose of thiamine is in the range of
from 1 to 20 mg.
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rel atively |ipophilic cal cium é&annel bl ocker having

antioxidant effects and (ii) thiamne an anti oxi dant

which is relatively hydrophilic when conpared with the
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18. A pharmaceutical conposition according to claim 15
Wher ei I hi@h 6@ BBESHdI @I@ﬁpﬂomréln%btraﬁé%ﬁ@ﬂtlé’iem to thiamine
from20 to 70 ng of diltiazemand from1 to 20
t fig Emthegrange Ofﬂoﬁhﬁeﬁﬁ@eﬁjh cal conposition accor d| ng
to claim15 for providing a daily dosage of diltiazem
of from20 to 70 ng and a daily dosage of thiamne in
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clains 15 in the formof a capsule, tablet or caplet.

14. A method according to claim 13 wherein the liver disease is toxic

hepatitis as a side effect of acute or chronic drug therapy.

15. A pharmaceutical composition for treatment or prevention of liver disease
in the form of a controlled release composition comprising (i) a relatively
lipophilic calcium channel blocker having antioxidant effects and (ii) thiamine an
antioxidant which is relatively hydrophilic when compared with the calcium

channel blocker.

16. A pharmaceutical composition according to claim 15 wherein the calcium
channel blocker is selected from the verapamil, diltiazem and mixtures thereof

and the relatively hydrophilic antioxidant is thiamine.
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17. A pharmaceutical composition according to claim 15 wherein the
controlled release formulation provides a dose delivery rate sufficient to provide
a clinical effective blood level in the portal vein and less than required to provide
a clinically effective level in the peripheral circulation to thereby provide a

delivery rate having a selective effect on the liver.

18. A pharmaceutical composition according to claim 15 wherein the
composition comprises a unit dosage of from 20 to 70 mg of diltiazem and from

1 to 20 mg of thiamine.

19. A pharmaceutical composition according to claim 15 for providing a daily
dosage of diltiazem of from 20 to 70 mg and a daily dosage of thiamine in the

range of from 1 to 5 mg.

20. A pharmaceutical composition according to claim 19 wherein the average

daily dose of diltiazem is in the range of from 25 to 50 mg.

21. A pharmaceutical composition according to claim 15 further comprising
one or more additional active agents selected from the group consisting of

ribavirin and interferon.

22. A pharmaceutical composition according to claim 15 wherein the
controlled-release composition is in a form selected from the group consisting of
polymer-coated multiparticulates, polymer-coated tablets, polymer-coated

minitablets, and hydrophilic matrix tablets.

23. A pharmaceutical composition according to claims 15 in the form of a

capsule, tablet or caplet.



