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1 SUPPORTI VE TREATMENT OF LIVER DI SEASE Field 5 The
present invention relates to a nethod of supportive
treatment of liver disease and its conplications
including cirrhosis of the litver and portal

non. a1 gnandP PRV THERTMERT, QR TRERDISERSETS, | ¢
hepatitis where direct or indirect damage to the

liver cell nmenbranes, which is secondary to the
ry di sease process, initiates a 10 cascade of

I ' ypoxi ngd | ireq liver,.function .
i pEREht riBouS PR B0 BPRRHL o vonifes e ent of ver
diseass sandBaiek giomplitatidhs LincRiding s€Ahesisi Be! hee liveXignd portal
hepatitis such as al coholic hepatitis and cirrhosis,

nsjo. dn Ritiewar,dhe Aaverdion apiies fo yionanalignant liver disease

08RG, L G35 ST 381 of TS BB o ver con
mbatbagees, | whight spécoridary npr theeplimeey disede prodes¥e initiates a
al ways been secgondary to 20 treatnent of the primar

ciissats ol pelcaveling, biRoXMchad apaIed dNehfiplioat eerARd above
' ¥ bag diff t t
thit (Rl (eThar) Meddt BRe8Y [ oy et hod

processes. One key net hod
enpl oyed has been the use of antioxidants begi nni ng
with the herbal extracts silymarin and silibinin
Hdckgr@wefl by Flora et al, 1998). However, the
efficacy of silymarin has been di sappointing 25 in
Ldverotiseages | edtoximbepatitisgsuich es altqhadiodmpatitindand cirrhosis,

B0 'S P B8 bk BB eiebfs B e ammmonty e
immmdi%’?icﬂtliv%k disk98ds cNardbtsriseid Y chrdfRklinflamnshtdn.

range nodern, both synthetic "and
natural | y-occurring, antioxidants have been used

j . e 9 I
LR Rt ol 6L U TR, U558 5 eyt
tedtimenpi ofe tidVgsrimangt dideaskdPBjcesaas, dusotheréd riead bed many
Thurman and col | eagues, 1998). At first, it was
HRfAe tQ hEE'E‘PrPN@sé“’&“g@ﬁ't byadpEgeting: «lifergnbncompeaents of the

p%?ﬁélégikﬁl Wr(ﬁfé;sséél Cicia %g[ meﬁrﬁﬁdaﬁﬁplgﬁ?ea MK PePltfe use of

tissues such as the nyoc in"arteries
antiozidgnsnbedihoingawith 199 Berbah exiraets, silymanmsarsd siibBin (reviewed

real i sed t | i ver does. not haye vol{age-gated .
ey JTeraft ehdSREl d oWy et SMioRRG o SfiGe Tohag ess disappointing
it\?\;airlkgﬁ\dliﬁ IReF i digddse (ASGWBSet ANESTVOYT Bnd | thetd &S thélléesntial 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
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2 acting on the liver, they needed to act in a

different way. Thus, it was found that many cal cium
bl ockers were al so powerful antioxidants (Heo et al,
1997). It has al so been proposed that cal ci um channel
bl ockers may dilate the hepatic 5 artery to increas

e
aeting/en yhafiverx thpynaeestedlocast in @ differant way. Thuseihwas found that

e S Shere s B BRSO Sl 80 900 1887

Ronero and col | eagues, 1994) and the other cal cium

bl ockers occurs in isolated cells. The effects_on .
destalso seeamraposadbthat calsimichannel bleckensgpry diate the hepatic

RN Sy Bl & ORUCIRRE] HINF 1Githe IRED (Mg gan. 1996).

HowelEe the Protective effactubfadrugt eudhfdsoverapaimilndiltizzem (Liang and
liver (Marteau and col | eagues,

I 1988). Pat ent )

Shemean.ntPHe &Qmeﬁosawa\t;e"%aﬁq%aﬁ%fja%ﬁhg gﬁarocalcwm blockers
B am 3 . Skl _ . . _
B iy BB 1 s 2 ESROSABHGELRR i o clr
Dbcldeltslt adrinistéreaf oméiy _riyowlrddsleef mi\teogq)ltombri ao?ﬁrmédJs Diltiazem
severe conpromi sed in cel]s of a disease iver. ...
% SlnoL Hes PORVBIO, Ve as IEBL AR IS oVAB LRy Bipod fow within the
lbi\%rz.f\l{érie%uié}ﬁ é&%%gh@se‘@% in the context of the
nti on. [

I NV S I1s not' to be taken as an admi ssion
that any of 20 the material referred to was

Batents agtonad Depefls Bave A yinaied STNa 5 dHeorhhiamine and yet
fg’gé’rﬂ% ccﬁ#ﬂ@ﬁ%ﬁon Y tHawIB ol G4 Bfteh ffichin o Meh8URC TRE production

effects of a cal cium channel bl ocker 25
¢chanergyulimrthe difochandny is hthusesevearelyi cempadmisedh in cells of a
] ocki nﬁ effect on mtochondria, has anti oxi dant
BPated™ld is relatively Iipophilic, and the
B-vitamin thiamne, which is arelatively

hydrophi lic antioxi dant when conpared with the ,
The dispussiomapintbe hackgrand ior gl ineentions hgrain iscigtuded to explain

EREREY rh dryentBha 1 et e Behits™®h B8gition that any of
theentterdd rafbiriet & waisi publighed, Radbwh wn pdranfi¢he lkoatken general
Wth these properties facilitates action of

kmewiedge asptdbe prigrityedate af @apy & dae clafpsenabl es

conti nued production of energy when cells are

damaged. 3 I n accordance wth the present invention,
S8ammary de a nethod of treatnent of a

We have found that the interaction of 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.
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subj ect suffering fromliver disease conprising the
admnistration of (i) an oral slow rel ease

formul ation of a relatively |ipophilic calcium

channel bl ocker with antioxiglant effects and (ii)

the B vitam n thiamne, which is also an anti oxi dant

5 agedrdanicetwithstheepresentinyentjern, oy pravidesa enetheesd teeatment of a

eight SBefl eGP ARB age DLt Ring TRE aAHLRB 328 an oral

ﬁ@b%t@é‘s@ﬁ@ﬁﬁﬂlatuoh'@CéseélaﬁMélb Ifmiplhﬂim c&mt;rref:h@@ma Isocker with
(ii) the Bvitamn thia which is also an

a;momwna@ﬁecfén@d/vl(ﬂ)dheu % wténﬁm itRiamyneyypish He |a|%0 @ﬁeﬁrﬂt'ox'danf

FRCBEIG rbrdpvely (HR AN, (A Sorlefed Hit g colcium channel

Hbgease by co adm nistration thereof in one or nore
conmpositions for providing slow rel ease of calcium

channel bl ocker. 15 The invention further provides a
ﬂ@fﬂ% i 'a%?:' ?I%Q!m% 'Lﬁé BPQ) b rreakiVEYipBphilic calcium channel
preven 'on 0 i'ver disease conprising (I) a

bietkalriwitd sinfioxidgiti éffects ahdi(iinthehBmitamin tiaokes, which is alsc an

%tp%%éhg BB ISR 1 SoiaTRl) BHEORKES WHER o Aen 3N, e oalcium
Epﬁ‘lblziﬁir H‘Sﬁg?&%ﬁﬁﬁr& & elitahiit f6H thddtient B?Wkﬁl disease by
ocker. The

maceut i cal conposition 1S typic
Vi) admmisrte:-itieastherem ircong @s imarerconTiusitianseor pe:hmhng \sé.ow release
romul ation is required because many of

sfl ow.rel {
qrgaiciyp "Eﬁ BIOBXR for this treatnent are vasoactive

or have systemc effects that may be avoided if they
are concentrated preferentially within the liver. The
Thewirg@ntios dudhempravides a pbagadettioal opmpogpitien dpaiteatment or

veicneft e diFEard BoGefringocs "7 M pRG 3 Slm channe
HISM&Ir vith hRfoXiddnitadffects BRd AMdthiees vithi tHigGhing, achitl is also an

provide a clinically effective | evel in the
gréioxisiast and wihick is selatiyely @yﬂmmlwywtiea\ﬂoadoaaed avith, theycalcium

c{tﬁbﬁﬁr ﬁgdcﬁgpayig apgﬁrh\?ég{egfrle Céoeﬁﬁ {k?rr |é \ffﬁlcalﬁp aTQISW release

dam]mgm@ﬂtly but it is preferred that it is
adm ni stered in the same conposition with the cal cium

channel bI ocker. 4 Thiamne, which is well known as

etBIn\/ L &ivRCLiohe ré’lﬁ?égé '?or'f‘?wﬁlﬁﬁ&?”é“ré@.u?éﬁ Because many of the

r| al” protective agent
dmga@uﬁablef fqn}thmvﬂb&tmefﬁtmérmmmhee arshadess;ysiemlc effects that
mXﬁ' rb% at]\;cjlclié:d ﬁ%éy? )agilre(-]I %gﬁcentratec? prefgrentlall V\}i{.h?rp ‘hse mérh 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.
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nutritional deficiency and in sone patients with

viral hepatitis. The addition of 5 thiamne to the

cal ci um antagoni st with anti oxi dant properties al so
exploits both the facilitatog effect of the vitamn

on energy production within mtochondria, and its

‘Bhvanane,i whichaatwelf keownvas ai B vitasie @icting méthin Insitpchondria as a

l[rDﬁ %ﬂﬁrﬁ?gtp}rg q-(r: ﬁenfgg}rg,el Entheﬁlyn\élggg hnc[ofgctg Vot pyruvate
MWré‘@érﬁWﬂ@'al% Qf kgdrophilie anfidadardtantt ief fssd sn padents with

thi'am he, which is a relatively hydrophilic
rutritional dsficientynand i soate pRtients Hitl anral bﬁp@wﬁnﬁéle addition of

BiliEL 4P SRR Abdoh SO ER R ARP B e GEB expfits both

thewasilitnet @fféﬂ?'oy theesitarhimedn enérgyhprodiictidn witkindaiteéchondria, and
%nescrl bed for treatnent of cardi ovascul ar di sease.
i

ewd@sdiopidastefferavithin the eell-nent of  cardi ovascul ar
di sease is provided in nedical texts relating to
prescription drugs. W have referred, in particular,

Iétad letkDesiriptibni um channel bl ockers 20 i ncl udi ng
trazem approved use in Austral. a!ﬂ%@ufs
EBFF feshodof m@vE'VeRHﬁGA'FVOiWZ he agRINFiANANeR 3 5¢ ?H‘{ﬁ!‘]rv lipophilic
cgcﬂélﬁn'f Q:rh hlef 'bﬁ?&@'ﬁltﬁggnttﬁ‘io%ﬁ\q Sedis’ ndjatﬁﬁ:\rrT iRE, which is a
pre Mc to

gr 28 cal ¢l um channe ers are |pop [
rehatively tydtophiley anibxidanttwhxre abeegparedt withethes caloium channel
lethln menbranes so that their therapeutic effect 1is
blgekR'ed where free radicals are acting. By contrast,
drugs acting within the cytosol or cellular mlieu
need to be nore hydrophilic. Mst cal ci um bl ocking
Bmﬂgablmﬁwmﬁlcigwehapmﬁdlocmrlis admamistesed atliapdaily, dosedwhich is
nitrendi rane stabili zj n ef fect but
s A MBS el e araByriss ek oA i) BB 53¢ pigbcribed for

HEdthert NS RarHGVHsTUR QiseHié alrhe Hééef;ﬂ{agélrllt?éd Q‘Gr d®atment of
| iver-selective nenbrane-stabilizin

g e
@ﬂrdmas@daagbwaaes :s;nnrowd@@mnamﬁdwait@t&j ralgtlag t9| gescription

eI eaﬁ\ze F;P&gu rei%ﬂ % ﬁggg,q%ﬁ%ﬁ L‘b ﬁ%é%to?ac%ﬁgﬁgﬁﬁ%ﬂnel blockers

|ﬁ@|$1@lﬁngaﬂﬁt|dﬂeﬁhh d[ip\ﬂ@ved et uddrén gaseailiaf (Auseralian Edition of MIMS

used in the treatnment of angina and hypertension.

Annyal 2002) ndyenaprraves optigium desedadifiazest i §80 & 240 mg per
t or other pharnaceutically acceptable salt. The

pr’éferred cal ci um channel bl ocker will be a

menbr ane- stabi |l i zi ng agent (or

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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5 conbi nati on of agents) which has effects across

several of the principal conponents of the nenbrane
destructive process. The preferred cal cium channel

bl ocker wll act as an intracgllular and

I ntramenbranous antioxidant, limt calcium ent rg )

usetdn the treatroenloelicangina and hymertsnsioph Biiazem pagk be in the form

R4 s 8 L350 O e A 24256 G

actions preferably continue to operate as the cell pH
falls during hypoxia. her we believe these
Tdver prefeyred calcyin @aaaeelc@ppk@vwllhh%g ngmbransoxtakilizinggagent (or

éprﬁ{lr‘fgt é@mcifngégr\(tgy\hmgﬁ Fﬁgcéﬁtgas X@roggvge\fe‘?ﬁpgé the principal

cul ar ed ont

dearmentd dPi thel areeibrangi dbstrsctive process. The preferred calcium

cis-(+)-3-(acetyl oxy)-5-[2-(di et hyl am no) et hyl ] -2, 3-
chaApak Blocker will act as” an intracellular and intramembranous antioxidant,

Il?n ééal%‘cﬁ%%ﬁ HRB%he rﬂutéqtﬁﬁ'&ﬁgt Qh@%ﬁrﬂbi@ p‘ﬂ\ﬁé'ﬁhol%@e activity, and

érre erein as
t@e‘amtdte asti meirdaini eaterg\yepnm&heslmgthmlceilﬂm Furthermore, these

e e e i .
'I*d;regli%%é‘ pRfdve g?%ee"gtéﬁé%@ At t@%ﬁd@ﬁel?é\géﬂlnﬁgﬁﬁ‘ﬁypoma and

vascul ar 20 Dil'tiazem een
thenaes & umprovealivew furtdting. $Yephaves fafnde Hilttazieen Hedve particularly
ease rti cuI arI y angi na pectoris and nyocardi al
W%@ﬁr@ﬁ’l%g\?@ €Ptension, while displaying a | ow
i nci dence of si de effects. In these uses diltiazemis
avai l able as diltiazem hydrochloride in tablet form
Diliageme vghitls i9fcis30)-Blacedgoryed-[2-pdmeghylamind)athyl]-2,3-dihydro-

ZREraoghehy o bR 5 tine cptiy 0 nerein as

"Uﬂtia%@hﬁb isea behbimdzna detivanet fosdessingbaldiim antagonist activity.
Dltiazemt hera’%yef or treatnent of cardi ovascul ar

Riltiezemehas petsipioje beantused einicaly tadloddtennBue pégalgium ions
) P51 ahY ool ARBER, ERaShRR BN ARGREBARTIOMACH effect

mitiweem Maglbeénledodntehd tsefal mralfavtﬁtlng%mmtemsd@ﬂ ¢hronic heart
at one- to two- day intervals until an

dﬂ%@n@@mc@la@m%nm pectprg amVO@(ﬂ@hsﬁcgewa and hypertension,
|
or %!ﬁﬁ; g |6\Al 3ﬁ§919 ri on F/br r e%t@&lfw‘i‘lﬁ%écé)fﬂﬁbs “Gifbazem is

i ssue .
aﬂrallablemmhltraz@ﬂﬁ)}cﬁﬁhhlﬁﬂ’&e in talkdetdforrabin estrengthsadifs3, € 90 and

12080 Bhd i cuprde fors iy shenaldsh Soe13b) T80, 240 and 300 mg.
CHEPUR, 125043 HalFOR0R Michiae0mySs Spengh o 3 ma.mi
to 120 ng. of CARDI ZEM RTM di | tlgazem tabl ets resul t

6iﬂiagg%kth%rapyn%r trea‘f‘rnentt o car8| ascmﬁar disease typically starts with 30
mg. administered 4 times daily. The dosage is gradually increased o 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



10

15

20

25

30

hours after adm nistration. Detectable plasma | evels
occur within 30 to 60 mnutes after adm nistration

i ndicating that CARDIZEM RTM diltiazemtablets 5 are
readi |y absorbed. The plasma glimnation half-life
foIIovvlng squle or mil tiple admnistration is

agypinisiratione| 9f ABOU0AP%. Tirglapeirli dosesoal |3 elos 1#0 mg. of

CAEBAEH EFH. St SR, PRERE s it v

B rst th@l'u|a@limni@.traf|0|¢aDBtetrmblhaplasi‘nd)IIMEHerm:duheNitlmnSBO to 60
pass cl earance. of drugs, such as diltiaze

Rinies 9&*@éﬁ‘ﬁ“ﬁ‘é&@i'ﬁﬁHﬂd'Fet'ngaﬁ'F%ic@N?\P'?E% itgiBiaizgm tablets
{n%ﬁ% B}f@aﬁ%ﬂ dd*rﬁétap‘f%rp%%gﬁﬁm% NAIE ﬁﬂé%ﬂ hG&RdI8Sr multiple

I'Séase as clini cal

adhalrﬂtrtt@dno ibe apprcﬁxmma@blyo:%tmehbunserThempeutidi idpod i kevels of
articularly preferred that thg cal ci géﬂ channel
i @ bedn be

GRARIIZEM R THE m tablets PpReab 2805yt 50 to 200

§ fpse fornulation to provide a clinical effective
bf'ood level in the portal vein and a dose | ess than
required to provide a clinically effective level in

ot MOl Briof AR TPHOLATG: P SRISTY GUATTE! LIRRkers, s, irst pass
6I€éﬁa

cr;’gé ?Pﬁr@gss§b@r?tdsV§|It|&(efT?C\khf€:ﬂ sheielveress afPimpediment to

epatic protection using diltiazemin
eftetiivedréaiment of catdiavasesjar diggases becomesya dirtigaineireating liver

Fetne @k dlaws: Frch M et 7 6€ BT FERgYRY o the iver.

REESHIFIGRY iB U HartiCUlalX ipfeferied  tRAtOERS $aRiunt hehatsiRel dlocker be
a liver-'selective fornulation of these |ipophilic 25

presentite astonbiose iang 2genslow releanepfasmatiatian, ta arqwée a clinical

oGl STtbad eyel el el ye i 8 ops 155 RPRLBRIE T provide 2

élﬁ’ncefll?f Bifcaties Yaveh trheﬂhépq:ldriphewerﬁr&umed i Thé hmethod and
rlmari/ managenent of the 30 disease, such as
i

Wrnaw m &r thet ventiem thys iavidesa daliyernfatei baying a selective
IQE managenent of hepatitis C. The

|nvent| on us al so provides a nethod of treatnent or

prevention of liver disease by adm nisteri ng at

|Least ogne actlve agent sel ected {rom port al

Hiyemethed pEhgpali Brofgrtionnysing diltiazeie i §°W‘?€F’é’i°ﬁ with thiamine,
AbplleRABtar Gis@sdd ¥BitéBfHe liver in which the cell membranes have been

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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is co-admnistered wwth a liver-selective formulation
of a lipophilic nenbrane stabilizing agent and

anti oxi dant such as diltiazem wth hydrophilic
antioxidant agent such as thyamne. 5 The two

conmponents of nenbrane stabilization, that is,
kynestansivenagenis apdoayiral aoertsimemsiisaigiatileast one active agent

|§ d‘t’ré fST}%Qfe déé”ﬁ\fﬂ ey f‘o%mélti%e%gfl <’j{f(‘:’%y‘rf{utlI@emembrane

ere na sepdrate conpositio

ﬁabillbmgae(tmrnIaﬂdealelstbxityanttdmhsa?mmlmm Witlaihydogdhdlid gntioxidant
oral admnistration) or may be adm ni stered by 10
wentsush@stbianaiBe. For exanpl e, one active agent may

be adm nistered intravenously or parenterally and

t he cal ci um channel bl ocker (nmenbrane stabili zing)

Plge two compgerhts a‘dnénibsam sthbdizatioOw, thlahist balcian Imhdnnel blocker

Jus he Pdrogie. At daiiin IR SR J8 4o STy or may be
K stB{@f 'ﬁaéeééi)'fa Fétk! é/ f?éﬁ"bl'r%e ?&éhﬂ‘,%h e bmiistered by

particul a erre Odl ment o he |n ention at
ﬂheasﬂmenm@e(part!wbsirbfcbea:l dadromigtcationl) drypmyt besadministered by

GG el Mo GeBibian risy Shivee 207G Mgy, 06 Hdhinistered
|Hfr§ aﬁi‘{/%ﬁ P‘é{érgbrd"? hh& ajte’ 'cﬁldM]hCBhéW%I(Bﬁ@ker (membrane

pre er e used in conbination wt
stabitizing) agent/ercagarits gdinistesed orallyer enbodi msnt t he
I nvention provides a nethod for treatnent of viral
hepatitis conprising co 25 adm nistering a

Ini thR meeHRE hhd &dnsdBilicH oP thed invntiBAlhidReng trady lbeziswl as the
ent wwth ribavirin and preferably also interferon.

ﬂgibefmml sucthaa t meiraeitoride esalt a1 oiharnghateaceutically acceptable

@%ﬁ{ﬁﬁpﬁg' y adm nistered orally and nore preferably
- | ated to provide controlled rel ease of each

agent. 30 | nt erferon is preferably adm ni stered

parenterally to provide an effective |evel durj
lBoorel matieylady |p<5ﬂferr|€ad ambgdiment el Hisiinertion rat least one agent

SANERL! Pl #?‘Yallg&?) epa?(’%éﬁt? orﬁaérm?nla' %bep s go-formulated

prevention o exanpl e

Withy atlciurs chaanpiblscker ara tBiamidei ni stering the liver
sel ective formulation of a |ipophilic cal cium channel
bl ocker and thiamne. It is particularly advantageous

The HUR BroRrredaiiViraPis ribavirin 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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hydrophilic, is co-fornmulated with the cal cium

channel bl ocker conponent. Accordingly in the

preferred enbodi nent we provide a conposition for 5
treatment of toxic hepatitis gonprising a |iver

sel ective fornulation of a calcium channel bl ocker
administeriag | thealien eplestivedorrapiatip epfy anjipeRiplis 1gadcium channel

@l?g@ég %nha{ﬂéﬁ}ﬁ nlea;-gfnlg rPeJrﬁéuISHYI fd@pﬁa gge{hramLP& which is

ﬁ%irﬁpbhh@n% ney-forivubited ahit & tcalcﬁﬂnnah@lwal Biockére Bomponent.
iamne is used it is preferably present_in an

Aserdingho Iprélwaarqﬂ@nre@eemboefmwforwq PEVilenf peomaagition for
RSBt e Q{)ﬁéq{egaglhﬁs 11:0 é@erﬁ%r Qé'iéctl\ké1 qgﬂﬂfléﬂo‘?}u@\l a calcium

cases, 1 nc acute

ehametblozkensuttnas atmaamln mdth thieyrelatively, hykirgtelic dgertthiamine.
up to 20 ng per day nay be used. 15 When ribavirinis

used in the treatnment viral hepatitis, doses of up to

e
?@Q%ﬁﬂéﬁegn@ﬂ% &k J#%g:go% qgsﬁ!ﬁﬁéarﬁrl@ ap amoluat of from 20 to
Mmg/ﬁawandsmreqire{eealblqrzmﬂoado owg/d@0 Thr oughout the

descripti on and cl ainms of the specification the word
"conprise” and variations of the word, such as

WHFPR|sHhig s 386 A TRETS8Bly proBefith an BRRARETh bRbvide delivery

er a onents |ntegers 0
oftfeqra.1 tan5 ang pedday andimbre: hefgrabsehﬁo Briag mer glay. win individual

G | BFg T s W APIT A ala 114 ARIGUR Y Jpe  attending

é’%ihﬁth@ﬁelocﬁos%s%ﬁj 20 pENGAy Rlaytiliseqwhi ch is a
atively Tipophilic antloxi dant in an anount

suff|C| ent to prow de an i nhi bltory effect on

VB A 2S84 4 1R GRARRGI Sl bl BiAR! A # 1200 mg
pEregay idpeusd h ebnvéritivpal faasiihiichs, dr id BysiiophilddsCthan 500
30 anti oxi dant so that there is an additive

mg{dayx pganlivesspiadtivaifermyation. cel | cytosol or nmilieu
as well as within the cell nenbranes. The use of the
vitam n thiamne adds a conplenentary mtochondri al

Fihioaghounthiehgestriptioh ey tlainé ef ¢theaspecificatidhaitieoworf “comprise”
pyruvat e dehydrogenase, that facilitates enefgy

b a@rafions ahie wors spiPhnay FOMREING o apAoTEpPrses”, is not
iR i B8RRI RN, gBeids: Sepk o

di sease i n which

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 complementary 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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the cell nmenbranes have been damaged either by

primary or secondary processes such that the liver

cells swell sufficient to i npede portal venous bl ood

fl ow and cause hypoxia of thegliver. 5 W have found

t hat the conbi nati on of cal ci um channel bl ocker and
h\rﬂrmﬂ&i@eerpﬁ@mas@d Dynambfareosehpnic rmm@aéSﬂae& disg@age in which

U, BN 2L et AR Bl & seconcary

pn‘d‘c@gtés sath treit ahe ivernssligisiveliduiticiantstosmpEde partainvenaus blood
enbraces a range. of nenbrane 10 effects, which in

flow mndccausehvpoxisnelithedi¥er sed i ndi vi dual | y (Snmith,

1982). Diseases in which the treatment of the present

i nvention may have application include all fornms of

We hbhvd dpatd thast themdmbhnagodmxﬁajaidjmm @)anr@ll badukler @and thiamine
| iver disease, cirrhosi ?ﬁﬁ% liver

Ry g mempieperRiRiiziRg efiecti sTheidprye ybrﬁeeﬁt%%vzmg was
é@g?ﬁéﬁ@fﬁﬁ%ﬁé d% 8%@{%&‘&%[ éﬁé(?ﬁﬁ r%‘ﬁpgbﬂféﬂﬁémb@é‘ﬁe effects
o bﬁamr@nem@aatag@nm el hertetmmwérﬂblnaca auange ef membrane

apnd funct | on of cel nbrane wi thin | d '
(S oMB6han{TBr Rk ioate ahatacsriveddpdhudhglly (SMih, 1663
non nallgnant liver 20 disease. It contributes to

the overall inpairment of |iver function, |leads to
Beslelasdeam fhictn bhe: tmptreamwfstherpreaeameenmm"e meyf baves application

[U(SF% %'Fé?{ﬁ’fﬁ f \6r glgﬁggtgﬁo lp@gﬁﬁngﬁweq'\i??b a@s @bcogyh% jiver disease,

blﬁ%é.ssmhbnwr foRlcehesatitRd aRfSIFRRHRS hePhtiti) iddindge to the liver
common feature is the generation of free radi cal s

susipived>duigartiesmothatanyoxyradindiherapy, anthageing«fshe Hyer.
their oxidising effects on phospholipids in cell
menbranes to produce |ysophospholipids. First, the

Paitiohigy ol sieaaie Ivepdreasgny generate free radicals.
Inthe case of 30 viral hepatitis, includin

Peqesessive deteriaation @fetheaﬂrl&iu@ @m%fmmﬁrqf@@ﬂ daempranes within

L US Vi > hg. .
6 °u HomBonb o AR DISHRES WS A0FgiHant e
diskasé.i dnchiebuteskto theSGverdlhimpairment of 00&; funatjorr leads to cell
and Federi co, 2003é2 10, The i nmun ?%/st e act in
@%tht iand, complements Sy pphanges ghwf?ﬁf fheyiimary disease
Egg%l pid particularly in the external msnbranes
of t iver cells to cause

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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structural and functional changes that increase the
perneability of the nenbranes to water, sodiumions
and calciumions. This process induces cell 5

swel I'ing and cal ci um overloadgas the intracellular

cal ciumion concentration, rises above physi ol ogi cal
The énguns; ystamsa@dadtoesdtissyes| whers the Yirugkls aigagdo oxidise

a@@pﬁﬁhﬁlﬁyéﬂnbaﬁng% Cig o Fﬂfetrﬁ&'aﬁ & Seecﬁgtlf\‘/ﬁf %F%}fs to cause

stridiraineand | ftdm;uenaleldhaagebl theg amntemeodthee pmimabmty of the
overl oad. 10 Second, the cell svvel li.ng used

BRARGRNES tarwatera sediver ianspand £l C'qrﬂé?’é‘;as @Isrrggpéﬁsamyces cell
%Iﬁﬁaﬁ%d‘ I(:QWlJnl?r&Jéng)aHhﬁs tr1¥e|htr‘3EQIIJI§lr ea&tq h ﬁg concentration

venous syste rver 1's partic
risresnabm\te pbglslotagmal ileveis. o@!rﬁﬂbowmﬂ:msesaalélcdvﬂicl Ii\mg disease,

OC{ ) t [t t
(PR iasties SUippIyS Bemttisy hsr el BereDy ARG i SORInd lver also
mrtba&xiai%ﬁot‘ﬁ% SP hidMbran s"‘"irfcﬁlcbhé‘eﬂ QWelllﬁl’;y mj)oroduce calcium

content characteristic of venous blood. Even
oveniobidt i on of bl ood flow causes hypoxia within the
liver sufficient to inpair hepatic function over and
above that caused by the primary di sease processes.

t]ﬂ PRI V@aﬂﬂé!?’ﬂyatr@léﬁaﬁg@%hnfehﬂ)rane permeability
|ntracelu ar andlntramtochondrla | evel s of

lnmleBBBStr@Stst@me Thitdoodh fiowr throughuthet bverpaod Uibrough dhe portal
free radi

bR ToxTne Bords e BRRE Pebie I EEIRER AN o Yow when

dell Wiveihg ddtRirs ebbsaiedin kenirab0eh @Sk argahRUsmodthsf its blood
i une or toxic reSﬁonses cause nmenbrane damage from

SPPY ifeat fow presauie thiawehi theepertale@nousssystemy pagiwith the low

$Rgbf IS RERLRAR R HBbS D EVER Atlios bRy of blocd

ol caugeChyitngd within thei livet beffielent ¢ ikt hép@t&ﬂﬁm@ﬂ@ﬁ over and
(black lipid) so that calciumis concentrated

Wéh@h@@laﬁqdybwwrﬁnﬁm@%@ﬁﬁjpfo&es-’@ﬁ s causes the
mtochondria to divert their 30 function away from

energy production and give priority to calcium

Ehitd, ywogressive hypoxis chtises betir thet imdracetdahandrintsamitochondrial

conce on of calcium duri oxl a, acts .

$vis ANAIDRER t6rres afis i eREUAES pre 08 o reg radicals that
ih onBase (g UMdE%p o@\ﬁ@é& bg fikrh(§é -or Ydxic ffelcts of iBe outside of the
rising 1 ntramtochondri 'evel s of calciumact to
catlseli:vdthen tthe cells and the mitochondria. Thus, the immune or toxic
responses cause membrane damage from outside in, but the immediate effect

of hypoxia is to 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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production of free radicals by NADPH2. Thus, the rate

of progressive nenbrane deterioration or

destabilisation increases as mtochondrial calcium

accunmul ation progresses. 5 Sipjth, the rising

i ntram tochondrial |levels of calciumactivate

Fiftos the | tigiag eintraptitashondrialufevely iafgsalgiusecagidto accelerate the

destructive_process _to,cel ra t hpou ut .
BAucLEL ofc 80 PoRal o Nz oo o AR bRSbressive
fAéfbraid etdroratieice dstasiRsaioneintRsdeangs mitdshaindeal calcium
and dysfunction, cell swelling, hypoxia, calcium
agsymiatian piedresa®Ssphol i pase activation, inpairnent

of hepatic function and eventual cell death. 15 To

be effective in liver cells that have been damaged by
dixthoxtha esingtihgamitochondsdsievbist obXalbiwasactivate phospholipase,
phospholipid in cell nmenbranes, a hepatoprotective

whigh i e driaes|a seerpddestrictive paacass to aeflimempganes throughout

I | criteria: The agent should act as an
té%t"!’%%%%ht to absorb or destroy free radicals that
are induced by high I evels of NADPH2, which occur in

hypoxia and 20 other forns of ﬂxi dati ve damage.. The
H@f@ﬁts'mﬁap%%ﬁémeraﬁswnamcgr@ BF &1 &tqate Pragi@ssive membrane
At OX] P o]0 LS8R~ C d LN i
R B, Betitork P o Tokiflo Mgl clicigth ! acgqumuation,
phogphblpase laesivation, donpajrrdentagé . heptttie agetionsbaod| eventual cell
ct. as an antioxidant within mtochondria. 25 The
t should inhibit mtochondrial calcium channels
to reduce the elevation of NADPH2 that occurs during
hypoxi a. The agent should permt the mtochondria to
Tootei effective pr disec eelidRhauhdee heandidamagedoby clhypsgxiamor other
over | oad,of th e ,agent shoubdﬁ‘d{)revent

precesses; Hat oqxugiﬁgg :[ﬁ{fﬂspg-gr Ipid {0~ eell mempraness 3 hepatoprotective

rREmbPaNd-8labARPEffEd I ndedBto fURIRthageMiwiRp @vitdtidr event
or reduce reduction in blood supply caused cell

swel | Thegagent shoelldrctias anantinzidgetta absarblorrdastioyfes radicals
g; Cﬁﬁlﬂﬁ %{eofg%ﬁﬁgd gn&ﬁ‘rléiigh:I%@ql%{ﬁ@@yﬁzp%h?&v&&]r in hypoxia and
other forms of oxidative damage.
¢ 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.
o The agent should act as an antioxidant within mitochondria.
» 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.
s+ The agent should prevent activation of phospholipase by increasing
concentrations of calcium.
s The agent should prevent or reduce reduction in blood supply caused

cell swelling and the oxidative changes in cell membranes.
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diltiazem however, the protective effects of any
such agent are independent of the known vasodil at or
effects that cal ci um bl ocki ng agents have on the
systemc circulation and areld ndependent of change

éﬂgtf Qgﬁsquaglgl}i@g%rgx e”a@%ﬁgéﬁg%@%laéﬁﬁg ergselrncludlng D-
mtfa‘%ﬁ‘gww&]er ”f‘ﬁ@bﬁrﬁ Cgcla %e%fé‘o* él?\}’ aﬁ B?Enf %er%:’i‘raliﬂgpendent of

to cal ¢i um channel rugs et'ti -
e kreiwn Qﬁﬁlﬁ])ulatdr\mﬂeetstlmai;ealchm mkbczklrg aagérdahgaem the systemic
have features i

ath th It - gat ed h
IO, Ao, e dndiErknt of shaids iR SipRY RIS agnated arterial

biBbg appears to explain their response to drugs such
as verapam |, diltiazem and an odipine. The
i mredi ate effect of mt ochondrl aI caI ci um channel

| ockad
PheiEs At res s caldinb Eniiar engmesdh pliogybhigal membranes

({blédknlmldﬁﬁa@?@éﬂdﬂdafo &atitht Bhama lbdidnd @Rggs ESphlletti-Cernia et
her eb otect the 15 m tochondrial function.

alj &DB&)u itsf thesecthannels afe icsdgried ratherdban waltaga-gated, they

BPES PRALLSGTS e BRFCufth, e fihfel, B AR’ ShudE ana i

@fﬁa?mtoTékph@netﬁéﬁQb‘ay@éﬁSt@dH@g’@%ﬂﬁ? as verapamil, dlltlazem and
hepat opr ot ect ant, a menbr ane-stabilizing agent

afalogipine. Jberimraediats offect ol saitoghondrinkca ﬁlﬂgbphmnqlrbéockade is

r cal d el iy,
R TSR SIALACHES T cBb ARG S ERRCS BR3P actvated
tﬁ;errbsmgeSntrdndellhtdrl @aicilitpat corentratioae)t ek IMEtebympﬁotect the
perate within the |lipid bio- layer, that is, wthi
"I‘H@Cwq”aﬂré%‘it&ﬁ'es Liméation 1 Galeimy gaine deguess the aCt'Vat'On of

[g?gigsr E’\?ﬁ[gn% s{a?)%%t re ?bg‘i@@&' alt tﬂ{kfnmt%go.% gbvaefjlrect effect of

thredvugs en this@nzyiniesyistérme | on gat ed cal ci um channel s
present wthin these nenbranes. However, we propose
that a sinultaneous effect wthin the cell cytosol

'FU Bé'é#ﬁe‘é:tlpé’ a8 widhtRBht ine éﬂﬁir@i?é'cfja?ﬂta AriRbiamel 8bilizing agent

ant 1 oxi dant prot ec e the key actions
naaqisl tee be anetativelyplipophilic. t Hde theget at they reef fadidads produced by

PIBTADL BERONR: AP RALPL Y FYRQXR g5 4G PHASHRRlPid, Bithin the call
rekibranés e(ttfbifovd ffat antibgiabht %ﬁ@%uﬁt%&ﬁ@%ﬁhm%e lipid bio-
hydrﬁgalllc fraction. Lipophilicify also contributes

layen, Heatdiss iwitiihn éhercelli membranefe mthere dhe dipeeradieals are exerting

PURSFE SRS, dhElie S GELNE SR AL broERi Spack tpi

res
(mitochondrial membranes) to inhibit the ion-gated calcium channels present

within these membranes. However, we propose that a simultaneous 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 heipful 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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short half-life on account of hepatic netabolism and
that the drug is reliably absorbed across the
gastro-intestinal wall after release froma capsul e
or other fornulation descendjgwg t hrough the

gastroi ntestinal tract. Lipophilic agents cross cell

sharb halfdie maaccvqurttrm‘rmﬂtmmmbqhﬁm tarsk hajrtheedriug. is reliably

élg%orgg{i' ) s?saﬂHt ést%%n&%sghaﬂn%m e?'r%%ﬁzgggﬂ)t (S?el‘,gpstu‘fe or other

fSrmnelationi E@@&ér{dlﬁg ttRroiRt the @%%trﬁrritéﬂrnaa tefcthal fodphfiie agents

and gastro-intestinal absorptiaon. m ne neets

¢mees eel rrmr@br@eSAre@e&warapw@%ﬁgtﬂ@eﬁenﬁmf@va Hypaantioxidant or
%tﬁ?gfﬁéﬁﬂe[@ﬁii%ﬁﬁg esteg%%"‘l’g&na'?i'dséafvet ﬁ)‘? ik hirgromeli%nﬁ&ure needs fto

as a co-factor

milgigdipoptilicad nesstithese pitevinasfthalfdify dndgpisedsntestinal absorption.
facilitate energy production by the mtochondri a.

TWameine meets {RASE GHBUR t hat patients with al coholic

l'iver disease may be deficient in this enzyne, it

has al so been shown that patients wth viral

esedortd apprach henﬁipirdbvé hepafid furation tiast e tnadminister the B-
Wal | ace and V\é 2001; Recenfag tudi es 15 q:jlh
fagein dBiRPIBe o Th wmaﬁtaqﬁ i@$aftCY fﬁr o é@e ShiteqioaRigkenzyme

é)hwét%nﬁehgdro@én S@QQQPCEHL"H rcr-.q{?-'fﬁ??ﬁ}roa Fg%@”ﬂmtochondrla

Famne 15 aorerative "ol ecu
\Rihdle dhisawelb knodn dhat nmipﬂmm mthaaldommtrlmhldhsaase may be deficient

repbrane-stahil i zi er- | ec e
o, PREY D, fhss Bl Bas 3 S Yiepgpatitis may
Eﬂfb‘fﬁm‘o f|tel. 'aﬂﬁﬂn%ﬁ%ﬁ&ﬁ'(‘ﬂ‘@alf&é%ﬁ@'%@ké’ DEAW. I Fecent studies

a short half-life be adm ni’'stered
havel @hcumecmeﬂ dbe aanticnidand| praperties obdbiaoiihedlukienko et al,

S0 F st S0l ip=30, Iihing B telapR A BBBRE motecure

hours. After crossing the gastrointestinal wall, the
drug 25 reaches the relatively small vol une_ of t he )
reseatatiparafsslinophilienanch iydropbiicrmembrane-stagilizingedrug as a liver-

Ao B BB b A ER: WS BRI ormi miter - passi ng

into the nuch larger volune systemc circulation. In
this way, a stable concentration gradient is achiev

ed
W%ﬁ@”@ﬁlét Of:BYﬁ;fe‘iﬂ@%H‘ﬁeoﬁﬂtSl‘ dﬁh\éerurreguar@,s dilpaft 8 @UBrW'th a short
N frel bE' §drtﬁ rﬁﬁgfed rétst v |dose aRG LY tsﬁiw—?’(-geaﬁ% or controlled-
C|rcula he system c circulation
mdﬂdsev&n&nndntmnso athabmegumg éntreleasyd [sovlyodnerr several hours —

PPN oo Shisrer ARG SRBSH L heras et el Wy, the drug
rte%agixﬁt% ‘Pgﬂg{i)%l}r Emal %g@gg&ﬁg@#&%hﬁrﬁugnﬁéféﬁ lahd is carried
to the liver. Here a S|gn|f|cant 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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14 In many therapeutic situations it is desirable to

limt delivery of a drug to the target organ. This

is particularly inmportant when a drug has side

effects related to other phggmacol ogi cal properties.

In the case of nenbrane-stabili zi n% agents that are

lal wang dhefapeutia sitbetions dcikedesifablfl i duihdelivery of a drug to the

t%?qs;g%' é%lﬁ IEI'f‘\ s |gt |5u|§rlyp rﬁé&gél‘?tt\hﬁéh Qsdru hastshde effe&ts related

erap S or

tef othanaph@ehacscisgichl pth:rerﬂéw (of :1] dheccﬁe‘ Qﬁtmeh’ftﬂaab-)stablllzmg
i ncreasi ng tol erance and accept abi |

agents 1t @t alve eritiveehannel Plegkaie e(gn@ motert vasagilatays), their
% I
A58l B INBREPHULE e Baf Bupioy Pl i moanted

uﬁsugulms andetardiaadeffedts tteemtyt increasingy olerasye taadd acceptability.
effect. 10 In the case of diltiazem

he d ,
lieercseleciivedelygsy alspredusesing tokal &‘ai')ﬁm% f priliug fgeired to 20
1 gg%?gfnf&% fg?%&%g'ﬁc %%ggqﬁaf\gbﬁﬂsh g %% r@H' |V tHedrug was

Hedsg agminisieyed to dchlevaaesmsmmic efmcal n a therapeutl c
effect in the liver but not the rest of the body. 15
A nmenbrane-stabilizing agent wth these properties

Iﬁrlﬂe'd%%b%'&ﬁagé { \Aﬂ‘é‘?énthé @ib%é ﬁ‘é%ﬂ e&Pfor systemic effects used in

iver-selective déelivery with hi'am ne can
tbe tmuenbof pngmaqledtdm;s andérypertensm 5 geepealiytihéhe range of

t t d other f .. 20 . :
Cor O I dTBRE: idcBe%s BORSHL R GGk (RMargfru reton o
th&%éhﬁ@%ﬁ@at inthe%iver Bt FotQhe RESt-oTRhé BBAYL |1 ver
di sease caused by toxins, drugs, and abnormal inmune

st at es. Li ver dysfunctl on during chenot her apy.

iver . d sfu tlo ft di r e
A SRRy SRBN e bR B G B g, ctnzem
featsate folanrgeledtive rilives) With36r WRRSltINEming Edre be used to
body's i mmune response to the presence of the virus.

rotegt diecliverdid Federi co, 2003) This leads to
gener\?}_él %@pg Itlé fn%ﬁjc{zr?dj LI%% ?tlélvbt Qnd C, and other forms.

¢ Alcoholic hepatitis

¢ Cirrhosis of the liver

+ Portal hypertension

¢ Other forms of non-malignant liver disease caused by toxins, drugs, and
abnormal immune states.

¢ Liver dysfunction during chemotherapy.

¢ Liver dysfunction after radiotherapy

¢ 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 molecules) is necessary antiviral treatment, there is a need to protect
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damage to cell nenbranes on the surface and the

inside of the cell (Jain et al, 2002). It follows

that while the use of interferon with or wthout

added ribavirin (or relatedqspl ecul es) is necessary
antiviral treatnment, there is a need to protect 15
errevwgr@énmﬁgeea@me tiverigedl by therimpapne plogegges. Therefore a

yole a er I ve
IVETPBARNET TRBfbrardSibiRif, 2 aodn Plad, St Santioxdant ~ and
rmitbshonanel effectefis eohplementamplie e bamary Qrddttaept i Fartiiermore,
treatment. Furthernore, in those conmunitie

i dapse ComnWilieROf REPREIVRR ﬁ@ﬁgpt/@ffwdr %?%ﬂlvsét WaiGigsl therapy,
t?ealtqt@%ﬂ{ Wﬁﬂ: E@%r%tﬂeéﬂv\é%eﬁ%rﬁﬁ% sYé%ll agent such as diltiazem or
a Zem of

rane-s I’Zi'ng ‘agent "suc
rekited echoledubex | that tdmt manimiseniori $:entmn csmhptanns becomes an
ons becones an _affordable alternativ

asi‘?/qy@@blgea@%mav\ée mefib FYBIeSelectye iMSmB" gl}mﬂa ggent with or
vvwﬁmtgdo%tadﬁﬁ% méeanqhsﬁéfoﬁehsxﬁreﬁ&.@e% e. %Bﬁb@%‘ﬂaﬁs be co-

nonot her apy, be co- prescribed |nter eron and
preveribed witlhr inferfieron hamd aipavinor | et evitntativénr alppidpriate antiviral

thPRY, 4P| SORPERLIA N DBV D& a ) (SIpTy-Bdministered
ﬂﬁ?&?ﬁtﬁﬂ th8 ntﬁﬂ‘ahtﬁk{raﬁ lsodfH#9 Dotk BraslMHfigs! §feddministered

as a liver ive fornul ati on. Treat nment
tagethet bs anfivee-selctimeifornigalyomas been used in
managenent of 15 alcoholic |iver disease because
patients with this di sease frequently have a

THebfrhéntoNdth dehhfhentitadiint Be) idsaieen TlBeaMnnenasddement of
as a co-enzyne for several reactions that cleave

ateohndic- kver bdineasm decauss yuitiegts sjthniiisisiseasepfregeertls have a

A R RERT L B S A s B8 o soverl

rehEFI e tHat Widdvel Badahisarbay bomasareludngdkeéyn d@étaﬂol&ﬁprocesses
m t ochondri al darraﬂe in patients with hepatitis

vathimdheohepatie mitechondda (Wilson2de98). dmaddmeﬂkf@r §0rrecﬂ0n of

’Ip@ ni‘{]owgﬂ% E'%é{ rr ﬁ%@gﬁcg@sﬂegbg}ﬁ%o{ a}f Cmﬁ\f’%ndrug-mduced

rhitveHordiriab afegnagel inHpatikntsi witl, hbplatltmotB i andHe afaniterinis  and
Cwt hout cirrhgosis (Leyy and col

Dlasiedr 200 ani KENRRWOTKERS Hayenshenl -Gt biamipe, deficiency is
{?i@ﬁéhqgo%%e%ﬁrm' Sﬂjh% élh PBY IHoF ot ?ﬁb'l%? dd¥hse and

hese worker & have suggested that the
Hepaamannﬂ;uthaMe ira Hepetdist Cvwitbbbke cirrtmsisri{tegh@andr calleagues,

A4 % ompnarteror P, bes b4t SRRl ioroVi difeh dunction in
ﬂgéltemsz m.lfit'ri:lt {-I@Ebﬁ@emB PNRINGES | 7 VWEBKEh ARAGar Thésd§vorkers 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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cytosol on account of its hydrophilic profile. 30
Evi dence is accruing that treatnment with thiam ne
(vitam n) may be helpful in patients with viral
hepatitis as a mitochondrial fgotective agent
(Wal | ace AE and Weeks WB, 2001),.and particularly
$€H9§fév9pét!¢"@ht3§e\7\§tﬁh'|'éﬁ"9r Agents aeau@@jﬂw Mayphei t\@'gfut in these

rddpt
ets Pl Barichtoye (RTREAE o BihcRlarf ey ool role of
thiwmihlel @ ite antigxibanheffadt bgethet nethethe pa¢mbrdre stabilizing agent
particul ar yve bel i eve the conpl enentary

%"ﬁél%ﬁﬁ@@? IeNRadYRNA8Pe of thiamine and its

antioxi dant effect together with the nmenbrane

stabilizing agent provide a significant advantage. 5
Ihmlabh@lmhepatihepaiﬂe&ststhﬁe pathstogidal actipres ard operating. First, the

SeobOusellaas Lpraciatio PaREON NI R REbARare damaged
%e@%&%% We fé@@ltélﬁ%eql%vﬁelhﬂ_@%aﬁ%b?@ﬁ @ﬂ \Jvater and ions

['ing caused by entry of water and I ons hr ough
thneLigio ihe enome apeéreahni® r oeaibranest geatas| Icelivmelllmg; andd relative
relatlv wi,t h chroni.c

e T SRR e Sete, it 2o Hrtenf Vel iseaBe aip fpaventl

r‘ﬂﬁﬁtlﬁhﬁm deficieRflsd AhaMtmanied i 'd‘éfféﬂé?'hb | Rghirs th@emltochondrlal
m tochondrial efficiency. Wile the best treat ment

ef_ﬁclennxes‘éltma_ttherh@tutseatmem ferwdiesefpaiieptsisi withdgsalaf alcohol
t\g]gteﬂmagﬁltt}]ogﬁbf‘cﬁazia UtgL rgl'o qn#{f@h—tﬁdé@ﬁgﬁg%@nséf t%érﬂi'ﬁe the use

SeEDRaLsEleatNe | meftbrasstablizig bagéntamitho ot nintiidtiant and
15 m tochondrial calciuminhibitionis Cog’g ementary

mioehendsial rmtsyum( dathibitian is qtpmp@@mtawayo e primary treatment
m‘? %%Ehgﬁ%yatfe e&%‘g g?a%pgﬁsm%?aﬂﬁfehéé ﬁféjsc\f‘fbegv%rkh hiamine,

dothe z@cohAuRiel adith nthizineined sd dbat heth asgemts are administered
liver-selective fornmulation. 20 In patients with

togpthar %EYQFW‘HWGJHH“B?F'PHOQ s, the inmediate

treatment is correction of the underl yi ng causative

liver disease, and then reduction of the vascular
Imepa'wraaomtrt popal hgperemsiors andovirhosisi rmediinateeiiate treatment is

Suaonc: 8 B34 ine, ERLEA L S 0 PR R Bhon o e
Jék%ru%frofe%létaﬁéé’% SEAChervSusTRER! afteintrhaliatd ZrbBQctlon of portal
agent with both antioxidant and 25 m tochondri al

i asisufiow miithopropoandlel eropthee nentsetactive befm-admriargicyantagonist.
'I'trléerae%onrgna} liver-selective membrane-stabilizing agent with both antioxidant and
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.
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The agent nay be prescribed as nonot herapy, or
co-prescribed with propranolol. In other forns of
liver disease including toxic hepatitis, inmune
hepatitis, and 30 damage to f/e |iver during the
course of system c chenot herapy, attack of the

Radipthaiary afsa grnaratas freeradignis o Whilestihigmaydit 3 k%ﬁdnechamsm
l% ng%ﬁ&e aag'rcﬁgjaﬁs Wt‘ﬁn&%?ﬁreF whdrd enll Gs Yi‘réchgﬁéﬁtﬁg%r?%c'essanly or

ciple pa ogi ca an| sm o
ifitertionaily, Tthes nmrrtaurptwmcﬂugysawiﬂhelooelplrssstmespelrflhsi_on by portal

i nduci ng hypoxia with a second o free raal a{l .
SSBCRIReH TTAKS TR o0A B et i ) BreSpvissiRAg ;fﬁ-ﬁ:eﬂoraﬂon
i turach Otﬁ?éréﬂifsaé n@gﬁﬂsé@&meeﬁ]érﬁs&nwasmk.aﬁ Hirtr agents

may be a anism targeted at orgafs
wmlmd:mth wintioxitdaat bhdemtcn@andnatjcalcm emhibkion |s complementary to

necessari | r, intenti [ 1y, t . I

GBI G PSR B3GR 1B T U SRR Badment with
k of h d

S A R Gl G A Lt

liver-sel ective nmenbrane-stabilizing agent or agents

B B BTk RS S o R S S0 s B o the wer

Pt liveras a8 Bhle t8fprotet | '|t§€#1 Rent| hﬁﬁﬁﬁlﬁy occurnng oxidising
treatnment wth system c chenotherapy, or af

eféant@tmeﬂwp;d:etlo Tlheseheh@rwmgﬂlmcbemvowaeb@th ﬁﬂﬁ)chondrlal and

f th f
SanEHE helah eke el dudr, BREe, 5 Tish; of 231 Riffing. modest
I@fp@ﬁd‘éﬁd‘rrﬁbbh‘e@ﬁmﬁlbhng’h@*éﬂréaﬂlger-@élfa@ﬁ\kﬁmemntir’éﬂe -stabilizing
whi ch invol ve both m tochondri al

These chan%
agent efyagenisswite Baihantsxidankand mitochoadriatoeaiciym inhibition is

ditth Pttt BT apidem JGE bng UPRY 3R P Fhifain hepatic

finahsm reoldbapatiénts ndthldnyageqreear imgames hephtic hugidtion.
anti oxi dant and mitochondrial calciuminhibition is
useful treatnent for nmanagenent of the ageing liver

'EMI% Hﬁbféc‘ﬁ% P o OF aPakhfh raﬁé* %?éd.ﬁ’i‘ng %8 ?Wlth pﬁrilthﬁmaﬁt effects,

degr ee i npai red hepatic I on
nmtotlamdn&t cafdientinkibitienmant rantiphesptilipaze mgtieieadministered as
with antioxidant eff m t ochondri a

t
PRRPIIEARN, Camiessioean i oo adS e, | ¢ Tomuidted with other
tQ' EP&T&% 3% rebBBes RRE aPidising: BfFESRCH BRI flet Madicals on cell

gents, or co-fornulated wth other agents,
rpembsranss other edbeasent eproducticsi 0f lesfapbospholiniteand dtbe overall

| s qQn cel nmenbr t he ubs uen

807 of S5l TgmBGRoHB T LAY, 4 e B g sz of hepatooytes.
\Qﬁﬁ:hr ufd i Andhbielth fregbraiess duviddityporia, fdisinCeldir relative
menbr anes of hepat ocyt es,
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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25 which are vulnerable to free radicals during
hypoxia, retain their relative inperneability to
both sodium and water with the result that there is
| ess cell swelling and | essqgrogression of hypoxia.
In addition, the retention of permeability and the
Iateraetiomef diftiegemoag thiaming ci um i nhi bi tion protect

) . | . ayL -
ekt dnel T RbA R B Budhert BRayhBining winip the cel
raémibr@ted Jdilitadenty eohdC toytisol {thiamihéle aret additner iand probably
and nore preservation of the netabolic function of
ipgependast: cel s than in untreated hypoxic
hepat ocytes. 18 Interaction of diltiazem and
thiam ne W believe that the antioxidant effects of
Al differett sitaation bcamsneithintthemmitbeharelria besseathesdrug appears
(diltiazenm) and_cytosol (thiam ne) are additive, and

.add .
g !r"@y_ﬁﬂlt&le of g @hf‘?a%h ARubihe effediof Jifiggemdpcarees gctivated
P a6, Bicmicek 2By cBpRaeE K st L ERERAE nfiPohondria
hiit lappaaesidobe omebited br batenhe idaffectgacas intramiboehdndaidl calcium

By contrast, .thiam.,ne acts within normal pitochondria

SRR, ieF no TRRrantealts BBV refedcrdla dibgzem on
i (] [ r i : :

RPISE RIS ot BD ORI 198 36 contnue o

aperatehduring diseaaé conditoost ehhustheefectseofaditiagemoéind thiamine

t.E]i'.Harﬂ' ne.tohconti nue to gferate g‘Jri ng di sease

wWigligthe Bitochendria pieswaraistic ohFNaPINg- azem and

thiamine wthin the mtochondria are synergistic or

enabling. 15 The conbination of diltiazem and ]
The eernhmatian @if ddbazem landethiareineoradiseasedtivereealls act in at least

f our. ways., Their,. anti oxi gda f.ect ol e,... .
fodt walBY° Thith pOUSRdaE: pEMs, &L 1FE oRngR bEE M s diie.  Their
iR EmRYEIRSratirR) | SffeRts effabsyritdgisti® codahaBkhg el Th@nshired cell and
m tochondrial effects can be described as

reigegtioadisat effgcts gan berdrfcabpd asreimpledgnidiyease There
are many techniques to effect slow rel ease of an
active pharmaceutical agent from an

Foralulationdist siost-ryleasd or nul ati on. These net hods may

i nclude techniques designed to del ay the . ]
These aredrany ehpiauesciopetied slewyelaasenf an getive pharmaceutical

ageht Gdin érfg)mbgmirﬁﬁéf&ﬁ?&rﬁ&aﬁ@{.aymé& HUthEHd W&y include

a capsu t or other
techniques designed to delay the disintegration of 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 fo 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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25 vehicle, and techniques in which an active agent

may be bound to a polyner or other |arge nolecule

such that absorption can not take place until the

substance has been rel eased ffggom t he pol yner or

ot her [ arge nol ecule. The nmeans of achieving these )
epritradiedrhy diffusisnsand of|aIasipBl elfistorae enbedisenim dhe formulation

SHEbHE SBabmirele®, FUEHIRRes , EBNARILBEE, Fpores o
BiHiabRits Coravdireghilic eglx plstger s or providing a

menbrane coating with at | east one pore. The dosage
fornms according to the present invention nay be

K 8ol elbge foin 6o 4P HEn b B sl IEGrERE N fo act as o
ypaibpiotsition agehtanag ibesdesignéd ts ogleasetthdidragtaver tahperiod of
formul ati on conpri ses, pal yner - c¢

I coat ed "
aRMuliGo BDEuY &8 dlours SPUAvIRG GsimiBiliaEBD ctherehy permitting once-a-
B 5470 Shfto P PEERl & SIS ABRURL 3 o frug o e ver
ldraognel esibgalindents, fortmudations retgzsimpthet dragiover egendedperiods of
be designed to release the drug over 3ﬁBeri od

f .
tiBeufMay tavepGuRre2 ANad PRe t UNedupliegssdPRIPONFA | 9 affect time

dhRrshy permtting once-a- day administration and
providi ng a sustai ned exposure of the drug to the
liver. In some enbodi nents, fornulations rel easing

T sk ier Rt IE e Meing I PidSaiRLeet! B low-doses
SIOMRRAISne - BRbiZiRS UPertd (PBIUIAY URliRl®s toddd® of less than 50

finding that a protective effect of |ow doses of .
mefdayhrasnsinisteredzan @ slgehrelease domalilationi ist ngdiateciby a direct

doses. of Jess than. 50. / 1.0l S
BB 8 <teET S aPRUNEY s rfef Bidn, BELIE 2R RS it the arg
ot 86t AVEpEIHIRE tartibxidimt| to/ gieridtieme f célR!t Red tPhetecPrboth cell
t he vascul ature, that the dru acts as a lipophilic .
raabsanerand gniechandsiae fioan | Headamading ceffesds ofc dhpspholipid

R e A S e

m t ochondrial cal ci um antagoni st. 20 The sl ow rel ease

conposition may be of a type Brev' ousl rer%orted for
the alawnrelgase fAaNpowtien BAY dPeegk & k% Rig¥iously reported for

(AR O, RRCL ISR iy Wil HE ACHOABA BRE R dose of
Diltiazem is reduced to within the range of from 20 to 70 mg per day. 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, 4917899 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
diltiazem formulations that purport to require administration once every 24 hours

(i.e., once a day). To obtain the dissolution profiles disclosed in these patents,
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di scussed above the slow rel ease conposition wl|l
preferably also contain 25 thiam ne in an anount of

from1l to 20 ng per day, preferably 1 - 5 ng per day.

The conposition may be desigmgd for once daily

adm ni stration, twce daily admnistration or nore
toetfermulations disclagedyrequiie & BuRblayehmembsane ithaf epats the central

f . U .S P ! -
B8 GGG oihie syt ftte hrd Bhgltin e i A membrane.
Saitanlé drda16 achtit dipctoped tin tieseesatents aenadipigtadd,i astorbic acid,
once every twelve hqurs (i.e., twce a day). U S ,
Gittic. agig.fumaripaacid smalia @ ,,@@l@?rmaaﬂsaadof@@ya\r'aiaqd-mrd ing to
L atjjons.t Dort r i admpl an
SRR 5" [ BHRR" oot BV (RBHMARE 20 nc, the
CARDIZEMORTM. o pr diftidzem dtagslussad an susafredathdse, diltiazem

20 the fornul ations_disclose equire a multi-layer ,
mﬂ%ﬁentﬁwﬂgcb%ﬁ.d%e%%mrrgfﬂé e ditiazam hvEreghinide with a

Al . i - i N
LIS E5Set ff S3p.83 Y, SN Pt £¥Eouy atazen
eidamet prefile, doe ppelledsi id, trees OARDEZEBR.RTM. cCDx idiltiazérd, capsule
fu rifc acjd, malic acid, syccinic aHI andtartari%

ingiide HERSIcReig: PD WORPl addi GRd|3 ALt mEMbEANe that coats
the raﬁ%oP@rA&?)rMﬁgrtﬁl the %Wrérﬁéntioﬁelae?atgﬁﬁpglﬁweﬁgt’gl must be
CD u el ease dilt

I1't1razem caps IS a sustalned r i azem
drigusior@ monber of rayurs 205ing &0d 24D the ceatingrproadisbt | azem
hydrochl oride with a suggested dosage of one capsul e
a day. Simlarly, to obtain a 24-hour diltiazem

Agotaas 8pprodlchvehich PeaypBé ladtbptdd ol iGe WS BFMBENF thinvention
diltiazem capsul e 10 include fumaric acid, an organic
iaclegcribed iral.&JPtatent &y 834 R Heinickenat al o¥high usae a combination

enfral core. Accordin . oje ,on .
SR LT ERE b iRl PRRRE T nitory retease of
dIRizEmdtVer o2 RBuRpeRéd.t he coating process. Anot her
approach which may be adapted for use in the process

of the invention 15 is described in US Patent 5 834

2 i i t _al j S ' j h
Rt B PgElot hhe O FReYEBH, B JRETPIBHIAT 1" Gel riase
cltmhlf)miinrgrgbg@ﬁisegfa ?dﬁdhtcbraamingmﬁl!iannifénhgmne penard. polymeric
n one enbodi nent of the conposition o e i.nvention
Qqqaémgrsowhfeewss@avw%mf%ﬁ% oM |c‘25’rﬂ§‘i"f‘s{§‘§ Higgine component.

ﬂ‘?é‘t:&@h%g% {driRRECER Q%egn&’ Rir SRNFoIBChY TRt Material such as a
coat| ngs. e core may and preferabl'y wll contaln

sugmrt splaaren P learmemeetically Hoeeptabée hayddre Suchmeat dvydeoxypropyl
s?e?l of , fqr exanpl an inert materi al suc;(h as_a .
cellulose may be used'in tHe core. The oné of more coatings may comprise a
polymer which is permeable to diitiazem 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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sugar sphere. Pharmaceutically acceptabl e binders
such as hydroxypropyl cellulose may be used in the
core. The one or nore coatings nmay conprise a 25

pol ymer which is perneable t@1diltiazem and water and

S Sty S oo
BEREHL) BN AettErale) B AR Y etociat), pometny
akurwlatea I pgy@eopmpiyl oécmehuq?dy(n?%tﬁwrylgﬁe)gr palyéqctadecyl
nown as C ohm r i
@Pﬂﬁse)et H9W@5€qﬁl‘%e PobapieEl dewr Yies Sibye 1Ay GLwlene) high

e gk? ;BH ﬁg[ﬁfﬂﬁ@ aﬂm?(bﬁi?l%rﬁ% B?%Eg’; eﬁ@lb%}H*lérgsgerephthaIate),

mﬂys(umyélsbbu;yl attesr), cpe:lly(uln(ylsacetam) apelyhmyl ahlride) or polyurethane

i e Bl o
r é?ﬁé%f‘nhﬁ%@ét bé%s”ﬁ SiAcAbld afoeMat@lO|ah6h§NNézem include shellac,

acrylate), poly(Isodecy net hacrIyI at e)

qlndbyeh,agmmjunmrlmaayll)ame)oftpl@qu(lph@w thﬁéehacryl ate),
poly(nmet hyl acrylate), poly(isopropyl acrylate),

pol y(i sobutyl acrylate), poly(octadecyl acrylate),
DB SHtARELY Hifan 9|0§eﬁt fmak %lﬁ@)leéé) ﬂﬂééblbyto diltiazem and water

poly(ethyl ene) high 5 densit ropyl ene),
ipolisie kstioni olye knpenyass EDTRA éf" Remamsfaatared by Rohm
bt BAH R PDHAGTR B lassTpirftedH¥ tngf EUBIRAGIT R because

EODRAGI TORS Wi fedfertdrafRnilpigrolps) ethyiemilbye, cellulose acetate,
occurring polynmers or resins that are | ess perneab

qeﬂuln@eepr@m@naiel flowgenmesiyrnger JHgheramolegyat d‘é%lﬁht) cellulose
e e 0

SUEAET R Tofke? SALE® B e Rafliobl2eeighd onalate,

dlfsllu[djsbt I ﬁliégmaa% d Tygg@?ethyh C hlﬁiba(a'é(laaé)l 0 rplsdy(ptgil}]/y mevethacrylate),
nown as man cture onm al ma

RO OEIRREET 9) | ROl GREb s, EHIACEY Bl PRV Trathacrylate)

RRiHeBe ) ot aa P, OElladty HELACRRS),  pov(pheny

methaicoyiated, (Paty(enethylecicoyiate), mcﬂﬂﬁonmﬂ)ldcabaﬂate) poly(isobutyl

¥ &)e p&)t%%‘%lfjggy c%?rﬂ/%tt%;S)cﬁlé@y?%nnaebﬁﬂ?ﬁgﬁ‘lglene? low density,
l'{\ffﬂe’@‘ﬁ )trﬁ,%ﬁ%h@“ 0‘l’l§(b pﬂl? élﬁﬁéﬁé @&@e) poly(ethylene
‘at po y

t hacr net hacryl ate),
tpcegltthaleta)t pbly(mmylaml;utalt @ther)p@ply(ngmcetate) poly(viny! chloride)

%glt’ @'?ﬁ e]at ?e))oﬁeq HHE%%}? yV bxgeﬂhﬁél%@ttﬁ&e Suitable naturally

occurring polymers or resins that are less permeable to water and diltiazem

include shellac, chitosan, gumjuniper or 2 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 chloride, cetomacrogol emulsifying wax, cetostearyl

alcohol, cetyl alcohol, cholesterol, diethanolamine, docusate sodium, sodium
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20 net hacryl ate), poly(nethyl acryl ate),

pol y(i sopropyl acrylate), poly(isobutyl acrylate),
pol y(oct adecyl acrylate), poly(ethylene),

pol y( et hyl ene) I ow density, 2poly(ethylene) high

Sc@ﬁr?%{ﬁﬁ%é élfre&%eéﬁowéﬁﬂt%ﬁ FﬁqyﬁXI dg{ggml cellulose,

cflfﬁr)al Wo}‘s(V'IBXilthlﬁceHhéoa}l p(Sﬂ y(l’ﬁb%éth‘éhb%ﬁiﬂé) p®loxamer,

yuret ane'or a mxture or nore of _
ndnas@etr@terteablﬂyhatemers y Qslyoxy:ejhyleng pcﬁgtaerg)uordenvatives

{ hat . I t
A 'x&%ﬂn Visha sorbitag RatGa e BRYPErSbyREe sidarale’ §fopyiene
di |ﬁ%}ées§rf |t"ahpe%?ers ét@aﬁﬂ%‘lddh%‘l‘ah& tfidtRaRBlYiIRE Sor a mixture
t atl ng layer includes a lubricant and a wetting

(ﬂ@eyﬁwolhreﬂ@leacbﬂtpetf@r@gbmgl cant is talc and the
wetting agent is sodiumlauryl 30 sulfate. Suitable
alternatives for sodiumlauryl sulfate may include

SRBlsS aﬁé‘ﬁﬁatl@és féﬁ{’élbﬁthapmh@abéqmwﬂé@hh Qhé dating are calcium

cet omacr ogol enul si cetostearyl al cohol,

sm@te ad:cdkolrdal siti¢as @uymc?@ glyaesn haragnesiume steaalsamineral oil,
um 22, _ste

RS ST, 85 273k, SRR sBrf g mirture of any

th8 P ImereddfaRB $dregolrgei thin, mneral oil,
nonoet hanol am ne, pol oxanmer, pol yoxyet hyl ene al kyl

et hers, pol yoxyethyl ene castor oil derivati ves,

Aggkégé%@b%ezﬂzs fgfgﬂathmcﬁfg:e\é pa@lcffé% cSéﬁrgq f improve the elasticity

amdgtheababilRprdii ménp@lyt'r@rsﬂlmshﬂartwl plﬁvenhohaﬂgwb in the polymer
tri et hanol am ne, or m xture _of any

neﬁr@eaawagaveg prolanass Slolpger r%\{qhvéﬁaf'%’s (@ tafgetct the drug
rgﬁ?ér?. déa EC ﬁlfe%lén rgBﬂH rkﬂaé’ﬁc?zlﬁﬁl gé’ﬁ‘fs MNEGdé! Seetylated

i con droxi ycerin, nesi u
rﬁ(blngWeﬂdem meetyltributylcitrate, racbpyd’nbﬁyérm&ra;éycaétor anld citric acid

SIS or TRERE. BhHTERIS: ofBybiebacas dlefylBhblatt agSrtrdl smaate,
dﬁ%tﬁgﬁurﬂg afe] ncI él‘l@ﬁﬂ/lﬂfﬁh%ﬁ?e Coatdlé‘lﬁ fsgcbiﬁﬁfeove td’l‘-ﬁhylmalonaﬂte

ticrty stabili'ty of epo yner I mand
cheihpltmtmate clrhn@elsylplnthalaée poglynemn 1@Iy9@noheagiyc¢wg/ triacetate,

ver prol onged storage, Such chan uld affect th .
oy MiAUgelE. - aiaerab it A il AlesRt ReTRIUE A lanolin
AEHAS prtphRGcRCEStEI A RSlyet @ﬁ@'?ﬁ@ﬂls dgpylene glycol, rape oil,
acetyltnbutylmtrate acetyltri citrate, castor
sesamecod rtrigcetiti, dribeiyt @ltrgte drlgihwypltrgm rmchtr@thyl acetyl citrate, or

S 5385305 of B Bl o By B g prnty

piefelriedl praswnahg 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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20 diethyltartarate, dinethyl phthalate, glycerin,

gl ycerol, glyceryl triacetate, glyceryltributyrate,

m neral oil and | anolin al cohols, petrolatum and

l'anolin al cohols, phthalic @gid esters, polyethylene
qg ycol s, prop¥l ene_gl ycol, rape oil iJ ?) i |

qscabetd Hlow 4 %aﬁeyformatwéor giltiazaryin 4§ Pafent 6,354,620 which
rﬁéi{ %tehglIH S%GG\M e Tdvitid leorqfﬁisrﬂdﬂ of ﬁweofnvéﬁﬁoﬁ Y5t tPéatment of
nore o e foregol ng. r|e citrate 1's

liveedetbg. 25 preferred pl astl ci zi ng agent.

Alternatively or in addition the core or coating may
conprise an organic acid such as adipic acid,
ﬁ%ﬁ%@hﬁoﬁ%lf’goﬁ'ﬂeraéscﬁfb'eg mJ‘r‘F@‘éf’ 8%bhe 'ﬁﬁldmﬁn%%kgmples. it

succinic  acl tartaric acid and fumaric acid
isllto denandearstooet thatithef examples|dredproeideddry way tob illusération of the

b%ﬂ SR S L e R T

arrangement is described by Chen et al in US
6 86b, 866 for providing slowrelease of netformn
Hxa mgle:)hce a day dose. Chen et al also 23 describe a
| . telease for{mlattl on_f ¢ L.azemin US Patent
VIS PIHGK PEACKHVE, ETES FEH t he | ow dose

Wﬁﬂﬁé&ﬂl\.‘b"eﬁ’écﬁ Bﬁdllfﬁ’z@ﬂﬁ 'dhncéﬂ’rméMB%rf&nWanexa'mMéﬂ in piglet
di sease. 5 The invention will now be described with

hepatic eniscosamalhaemiiranes abtairednbioss the liverssof &-waek-old female

HOELY! 30 bl FARRIE ol SrEABHLIRG, Bt Yot acive o

difa¥En, bk thé vagolivadive ISamezedh (0Ne 1009 §M)Y 3f-one hour at 37°C
Exanpl es Exanple 1 10 Invitro Studies -

felpaed protarst ihper eoff #e foge diadicahganeTater pABPEC (2 2e-azobis-(2-

ef fect of diltjazemon,cel nbr ane ' in .

pirprSaln i BR: F o raiiehalps e ATk RSHmal midure
vbé@ cbhvrﬂu?e@fat?»zmkpml t fremeve enricgsehAAPHTRAd diltiazem. The
m cr osonma fraction was treated with either

axdent-of Jeacivenoxygent speciss mediated lipigseroxigatipgdn the microsomal

AN P8 el BB e Sighieee e
diéMibdfidoresez@T B - 1¢: farMTinoPrieRRReanalysis. The results obtained

di hydrochl oride). Follow ng incubation the m crosonal

framiimage aralyye mhowedgihat &1-digaem phut: ooty kitiazem cragduced a
d%A t&e%%%d%'nk tlht%%gh JP fhembrane 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 1568

Dose L-diltiazem (uM)

Control 1000 500 250 50 5
Average 54973 49937 53182 51120 49949 52799
SEM 1477 1429 2506 1108 874 894
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extent of reactive oxygen species nediated |lipid
peroxidation in the m crosonmal nenbranes was then
nmeasur ed enpl oyi ng the fluorescence market 20

di chl orof  uoresen (DCF, 10 foy 15 mn). | mage

anal ysis. The results obtained frominmage anal ysis

showed that D-diltiazem but not L-diltiazem

produced a dose-dependent inhibition of menbrane

oxi dation as shown by reduction in DCF activity in

Tidd ishetiesd conmpaissiadied aby r tee dip@nt@5 dhabluedértek®n by Prof F
activity in AAPH induced free radical rele [

BHreryeel the e WETSHY HPIDWilNIRGGa, shgassothat diltiazem has a
BRI (eI 8L o R0Re8eAtS: 19 asefif igefpooiogica
B6petics. A8Pataik:l shaties singl H2@2em 4 MeeGadicabgead@tor, ditiazem
55067 v 3 sSSP R o W OEH oo

| | StArqReq i he o fingk and undert aken
FE{?%%? g%hlezpmgﬁr%tid;nskl “E?pﬁlﬂgmﬁgersi ty of Wnnipeg,

suggest that diltiazemhas a 5 hepatoprotective

roperty that is independent of its vascul ar
MR&%I ogical properties. In parallel studies
Hisp dt8pfdtativaseffoct bF Biltidént lusafp@hipgor, diltiazem
Was not proteciive. wasS concl uded that H202 acts _
Hepatict heasl midipsiorophi were optaired fiom e healtlay pigletsr as described
near |1 pophilic nenbranes, 2 .. .
FRERRUSY of MisrpSeMERr eBIE opiciPy : AL BYBGT Jutl egHirgg for study.
dERintatibh W mitrS ARV neg/Alt aDitREeht edhderiteaiohBYwere 50
pi glets as described previously. Mcrosones

wer e
andope8 1M, -Tduygingnepncerdtationsdtestad dnaleged 10, 50, and 100 uM.

I8 BRI g bclor PAEE" RBRC B, Th Baehieldcted Repatio lpi
peRoxiaatiompradigtd by tedlyzmg thedtliotéscebie aatidityl 60thsMye DCFH by
Free radical generator AAPH was 1 mM The study

gelipte teaglan astaseribesinounREMIQUSIEPBH- pr oduct s by
anal yzing the fluorescence activity of the dye DCFH

by
DCF-DA was treated with 2M NaOH and MeOH for 2 hours and after which time

it was neutralized with HCI to yield the intracellular form of DCFH as described
by the manufacturer. Hepatic microsomes were diluted to 1 mg/ml using
Phosphate Buffered 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 yM
DCFH for 15 minutes and fluorescence activity recorded using a fluorescence

plate reader.
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a plate reader as described in our
20 DCF-DA was treated with 2M NaOH and MeCH for
hours and after which tine

previ ous report.

2

it was neutralized with

HCl to yield the intracellul @ formof DCFH as
descrlbed by the pmanufacturer. m cr

Hepat i
Tahle Hishewsd r@s‘dlltf ﬁ@mﬂallugﬁugbes Sh;r gfjglgpeafs thiamine to
SRk ESRhrH IS PR TGHRELRS Mkl 11 Saporessed
fesurhadiedli refeasie) 3 Tveralt the hddition 28 cﬂ]bateroltorthranmaenesulted ina

WP SIHRON T cRAEe CREH (FASLUDect TR [dPuEtiaminAsfvty was

J@rﬁlfl&arﬂa?f I6R_ A tHI edcgée%e ?@l#l'tl f(%r?'lo' nef%‘éeﬁdhitlﬁhdof diltiazem

oXI1 Ion for our Wi ng i ncubati on,
m’oduceni ar greaite renluthm @ ﬁasraseance factiaty, dbe Ze@lﬂ)cttqmseemed to
usi n%' 5000 MACO ultracentrifuge tubes and the

Q V6 e repeated twice with PBS to renove any 30
AAPH and drug. Lipid peroxidized mcrosonmes were
i ncubated with 10 pM DCFH for 15 m nutes and
TahleQesStqmmessiue ieffects ofaliibazent and thigrainelQror escence

pl ate rea i .ESZ%%%BE&& r%\#}fsqe}r#e%ul t% fromall

m Ccr@sSolires

studies (
FIUBRISEEREEALHYI

uced the rluorescencé

activity (i prlesse frpp_L%dinatiﬁnggguL_
Over gControle add| ti on [bhiadiing|i azem t|Diliadesm ne

furthgr (Bdugti on of] fKDprgscence

resulited in a
agis {1 Ty (p<0.0fy. The mpdudti opoi N ady Vi|t ys@@s |5
| ow and hi gh |doses qf diltijazem The

si gnijfi cant at
addtfron—ofr—di t ttazemproduyced—=a greater reducrlon
rence activity the redugtion seeped t be

in flluores
ging 39260 Tabl3d 123 SUpRT265i|va34TT dcB86492 |dB227hfem

BEMthogsi ne od1410 f|l upB2scend4@ct|i vR3y (|f r4Es

drgal relrease). Fluorescence Activity ntr ol

) ¢ A
Thi-ap-ne BDHt+azem—(H—DB)—pM10-506-166-56-560
Mean

Y 39260 31113 27265 23477 36492 32271 SEM 993 414
737 448 23Dtz | t |@zem & [Thiaatihde

D500&
760

D500&
T100

puM | D50& |D50& D50& | D500&
T10  [T50 T100 110

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 dittiazem and thiamine on energy production.
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pM D50& D50& D50& D500& D500& D500& 10 T50 T100 T10
T50 T100 Mean 29219 26318 22014 28892 23468 21200
SEM 690 595 204 453 590 180 These studi es suggest
that diltiazem and thiam ne Iggre additive anti oxi dant

and protective effects on the isolated |iver c%Il _ X
auspenpiong ohé&atcmtochgpgiaare aﬁﬁ@m'ﬂ?@ﬁwﬁﬁwmme their integrity by
. i X t f "
FEPBIANE the EbifY PR To SERRIGE! GURET: HRGRELGE AS fan additiona
coritood keudyr thel predegtersofoh P imyhémitonHendrék araytalso be examined.
exam ne the effect of the conbination of diltiazem
and thiam ne on energy production. 20 26 Suspensions
LHOFRNEE Sind@bte,PBRHdIEssih ISR @ohB&htration in th
Dleeasea FRlgFRRTEE el LUE TRy g tiF EALTH Zonbenfation in the
perifusdtat Examyigatiopr ofiubei effectasofaaabidiof | thiarhine and  diltiazem
control study the production of ATP in the
SRaseiRon ik el oAToBBEoR Y nbA caB. Bt da demppstrate that
dRiazBA BdiihRseHeBndrogefaRERy PRRIGALEIINE diseased cell. Indeed
concentration in the perfusdate. Exam nation of the .
thief eambimedeiassh isobetieneshtan previde ¢ynergyzasthisspae as énsffectual in
%nd t heir conb'gnaé Lon may be carried out to
SRR Fell DPRBYNANR i azem facilitates the inproved
energy production in a diseased cell. Indeed the
conmbi ned use is believed to provide synergy as
Exampled i s ineffectual in 10 di seased cell

i tochondri a. I pat oprotective Effect in
M@}%@%’%@@gm cal protocol may be used
Tiee stodwirfy) Celindddl dpictoddle mahb Hiepadeapriot eaidy earef fegilate the
of |l owdose, slowrelease diltiazem Cinical Protocol

epatopratestiverftact af owwese HdpwtrelaasedifiageMave not
been treated with antiviral therapy or who have not
responded to treatnent with interferon with or
QlinibalUProt&éblri bavirin, will be recruited into a study

exam ning the effects of 25 and 50
Ten or mor% patients with hepatitis c'@ho have nrg% been treated with antiviral

therapy or who have not responded to treatment with interferon with or without
ribavirin, will be recruited into a study examining the effects of 25 mg and 50mg
of diltiazem in a slow-release formulation. Each patient should have stable but
abnormal liver function tests as evidenced by elevated plasma concentrations of
ALT (amino-alanine-transferase) Preference should be given to patients who do
not have H.LV. 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-controlled studies with appropriate questionnaires to assess

quality of life.
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of diltiazemin a slowrelease fornulation. Each

pati ent should have stable but abnormal Iiver

function tests as evidenced by el evated pl asma
concentrations of ALT (am ng7al ani ne- transfer ase)
Preference should be given tQ patients who do

Mathe discrafion af the chrcabinvestioMam theestady dnay permrt patients to

A e 5 i o a, BO A58 K g s o 2 190y
treutirice®n Haw@ver, Thehdve fradroeixpetirig ‘aegaiaftett:teffett WIIW the higher
dose, slowrelease diltiazemon the liver wll

dasesurtbe differential efficasy betwees thpsengoesm iz dnore Aﬁﬁv to be a
#uﬁ}ft‘;r‘ér? of qndﬁer{Uaﬁ’Qt F\’/?Lé/ gty g@éﬁ?@&#ﬁetrﬂ&e severe restriction of

at1 ent respec
;ﬁcmalgxmoasdlomebfedwe raghigher aohoemtaeitmi ohdn@ withinathe liver, and
the latter wll q%_%re dou lind -
thepee e SRRV leﬂev&@.e opri ate

guestionnaires to assess quallty of life. 27 At the
di scretion of the clinical investigator, the study
ltrisy epezcted tpat ther2S m and i Sic mgplverdadandive ffoomuldBons pédiltiazem

widavie ALT TR, s el Shaiceatil Y neta less letharay
ﬁ’; f%ﬁlgué"%rlhéﬁﬁv@ﬂ %’ﬂ%ﬁon fiABRvest he differential

etween these doses is nore likely to be a 5
functlon of an individual's severity of di sease where

re severe restriction olt ortal venous fl ow
Q&&M@—%@Q@Mof drug within the

Bédftlse 8 usehenGe iVBRsERBAVE Unbiribrarfe-SERiIRIA é;tfagent with both
| oner doses. It is expected that the 25 mand 5

antmldaséleéﬁept eedfmrtmhcmdr@h§alﬂurﬁ|tnhibap@nﬁsugb a4 d|ltlazem) is a

capenisnian el rday s oS AR, Bihdidin B SR 29 crug i

ffétft@ﬂti?nbé - PNEBErb D Wit SntiViRd| i teeaterisht Gaubh it ribavirin) in the
Ther apy Because the use of a |iver-selective

treatmvent eofs viial heppilis, aduaming dm thet ﬁasqsr'faﬁkpbszlilfamﬁpatltls or
hi bi t h
opfHTiol A 1R bR B6HA noRIEh B ML 0T, Lar S

sel ective fornul ation of such a drug wll frequently
be co-prescribed with antiviral treatment (such as
n) in the treatnent of viral hepatitis,

EHPNIRE Relled R FoRRBiIdtibn? F@é?&lhﬁh hﬁ%@bbég?%ﬁﬁr d_Relativel
Hixdnoph#ic 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: 0to 40%
Plasticiser: 0 to 30%
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Control | ed Rel ease Formul ati on of Cal ci um Channel

Bl ocker and Rel atively Hydrophilic Antioxidant 25
The follow ng controlled rel ease fornul ati on nmay be
prepared: Core Drug conponergg 2 to 70% w w of a
m xture of diltiazem (20 to 70ng) thiamne (1 to
20ng) Binder: 3 to 98% by weight 30 Coating

%ﬁﬁﬁ Pol yner: 50 to 99% Flux enhancer: 0 to 40%

ser: 0 to 30% 28 Exanple 6 The follow ng | ow

Tias folvary el erse dlowmelezisedorrhokatioe fersdeasecover212 hours may
hours may e prepared by the nethod of US Patent

o5 BEspasad byhesanomol LS P Bl SEHL0240 am nor g

Hydr oxypr opyl cellul ose 3.5g 10 Sugar spheres 28g
Coating Eudragit RL: 0.5g Eudragit RS: 6.8g 15
Qofeet hyl citrate 0.7g Sodium lauryl sulfate 0.2g
TaI c4.1 ﬁ%Exarrpl e 7 20 The foll ow ng slow rel ease
ful ati on may be prepared by the method of

#ﬁaﬁﬁﬁ&fﬁmé 074, 669

Hydroxypropyl cellulose 3.5g
Sugar spheres 28g

Coating
Eudragit RL: 0.5g

Eudragit RS: 6.8g
Triethyl citrate 0.7g
Sodium lauryl sulfate 0.2g
Talc4.1g

Example 7
The following slow 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
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I ngredi ents ng/capsule 25 Diltiazem Hydrochl oride 40
thiamne 2 Eudragit L-100 65 Methocel K-100-M 175
Hydr oxypr opyl cel | ul ose (HPC-M 125 30 Lact ose 100
Magnesi um Stearate 7 Aerosilbg8 Total 720 29

Exanple 8 The follow ng nethod may be used to prepare
controlled a release fornmulation of diltiazem and

é:m ﬂgl gg in accordance with the nethod of US Patent

, ~345. Diltiazem hydrochl oride (250g), thiam ne
Thed ety nithé@ Pty Bdiusied tacprépbafs bontkgledan deleabe formulation
(0.100 kg) are blended and m |l ed through a No. 50
qfe diliazens eand othiagging, i AGGORdANGE Il b8 s Medberdrof 145 Patent
5T€?%‘|gggder may be applied to starch/sugar seeds
(0.6-0.71 mmdianeter) (0.5 kg) in a standard
coating pan using a coating solution of: 10%

Pol yvi ngl pyrrol idone 15 8Q parts by weight in . .

DiltiggeapAwdiochioride: (Rl thinine pydineniaride, (234) @dirichacid (0.5

. I .

Ko P RBRNO ) Hre Tt aikd AR HON s TTRRPHEEA spreen so

a5 toesainet homiogbhoud pbiwdepowder mi x. The coat ed seeds

are allowed to dry and the coating step repeated

until all of the powder has been applied. The coated
hGardeiisdbised 7V

TEFBoWE Ikl e BRIEi RaR) Sidar <R 10,60 TR idhheter) (0.5

kg) in a standard coating pan using a coating solution of:

10% Polyvinylpyrrolidone

80 parts by weight in isopropanol
5% Ethyicellulose

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 5ml of solution per kg of coated

seeds.
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The active cores of the pellets being prepared nmay
then be surrounded by a nenbrane sol ution consisting
of : 5% Et hyl cel | ul ose 30 90 parts by weight in
i sopropanol 5% Pol yvi nyl pyrrg i done 10 parts by
wei ght in_isopropanol 35 Each coat of nenbrane
B&&Bﬁhﬁﬁﬁy conprise 5ml of sol ution per kg of
coat ed seeds 30 REFERENCES Angulo P, Patel T,
ret ?te 1”6?@ eys\ﬁh |Tgher uymﬂhn ILﬂ]dor KD.
mq{gglrg et ﬁreg Lpf %g glllar))/ cirrhosis with a
Wﬂsé QcHr%O 32: 897 900 2000
td_@mmgx.az 89 pAIVHPE6H Cswmmaasm- Hepataleay Bas48hm4. 2091
there any use for nontraditional or alternative

Bésw apies in patients with 10 chronic liver disease? NM.

ISutheréagiy eebt fyrohofedifiosd] or @ltdé8RfAive Perpsies OW patients with
dirbhicSividkdisedbyer CA, Laster SM Calciumand its role

G&rg%tf&éﬁk&%{ Rbbapggosgtﬂggrg and activation of
ospho |pase A (2) |n cells rendered

ga T, cycl ohexi m de.
PRt R e
R 90 T i QE;P fstf 5 el a}%%ﬂwﬁm g eytosolic
R'TRSP B (?ér'"d? ﬁe&@t’? d@n dyppd apoptosis by
pheximidgos Conment i n: Am J Gastroenterol 94:545

b_n gggl 17313416KkK23,BBhert on PW Smith A, MMhon RF,
Burrows PC, Aboutwerat A, 25 Warnes TW Oxidative
RibreeKsHahn oy Rosen HgBahner K. C. not just a feature of
Mk thisttea@lyBuRE@aBianum) for the therapy of liver disease.
Am J Gastroenterol 93: 139-43, 1998 Comment in;: Am J Gastroenterol 94:545
-6, 1999.

Jain SK, Pemberton PW, Smith A, McMahon RF, Burrows PC, Aboutwerat A,
Warnes TW.

Oxidative stress in chronic hepatitis C: not just a feature of late stage disease.
J Hepatol. 36:805-11, 2002.

Kontorinis N and Dieterich D.
Hepatoxicity of antiretroviral therapy.
AIDS Rev. 5: 36 — 43, 2003.

Levy S, Herve C, Delacoux E and Erlinger s.
Thiamine deficiency in hepatitis C virus and alcohol-related liver diseases. Dig
Dis Sci 47: 543-8, 2002

Loguercio C, Federico A.
Oxidative stress in viral and alcoholic hepatitis.
Free Radic Biol Med. 34:1-10, 2003

Lukienko Pl, Mel'nichenko NG, Zverinskii IV and Zabrodskaya SV
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J Hepatol. 36:805-11, 2002. Kontorinis N and
Dieterich D. 30 Hepatoxicity of antiretroviral
therapy AlDS Rev. 5: 36 - 43, 2003. Levy S, Herve

C, Del acoux E and Edi nger s 31rh| am ne deficiency in
he nd aI ed liver diseases.
\P@@VH\EF@&&Q SQ%CL@I B:"g?grm 0. C, Federico
e @nt@mawes@cftygx Ph_dws%u ingfie dvebHBicresaRaladystem of rats
fuchres ikoly Bi ' t8240199ki enko PI,

Mel ' ni chenko NG Zver| nSkII IV and Zabr odskaya SV
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present in the medicanment in 5 a slow rel ease

formulation. 2. A use according to claim1 wherein =
4.he nhdise@esntding to alaim wherain tyeatiorqdditiazemdo thjamine is in

Rﬁﬁiﬁ@éﬁ%ﬁbﬂ%éﬂ {@nyqone of the previous clainms

5. A use according to any one of the previous claims_wherein the

medicament is in unit dose form comprising 20 to 70 mg of diltiazem and 1 to

20 mq of thiamine.

B. A pharmaceutical composition for treatment or prevention of hepatitis

comprising diltiazem and thiamine in a slow-release composition.

7. A pharmaceutical composition according to claim € wherein the

composition comprises a unit dosage of from 20 to 70 mg of diltiazem and from

1 to 20 mg of thiamine.

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

ribavirin and interferon.

9. A pharmaceutical composition according to claim 6 wherein the slow-

release composition is in a form selected from the group consisting of polymer-
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conposite is a slow rel ease conposition of both
diltiazemand thiamne. 4. A use according to claim3
wherein the ratio of diltiazemto thiamne is in the
range of from80:1 to 5:1. 15,5. A use according to
any one of the previous clai wherein the

medi canent is in unit dose formconprising 20 to 70, .

sapted muitipagiceatasdpalymer-cogies) tabletsniRalymer-coated. minitablets,
g@g i [tion for treatnent or

%?gb ntﬁgwcgﬁgﬂgggpgﬁ$s conprising diltiazem and

thiamne in a slowrel ease conposition. 7. A

-ﬁgarnaceutical conposition according to cla

6
er e PRANACEBHERISGAMBASHYMACCIEANG, 19 rﬁlal%ﬁoga'@eﬂ@r form of a

f diltiazemand from 25 1 to 20 ny
%¥ﬂ$ﬁ%gﬁ$%g;pgﬁgiepharnaceuticaI conposi tion
according to claim6 further conprising one or nore
addi tional active agents selected fromthe group
consisting of ribavirin and interferon. 30 9. A
phar maceuti cal conposition according to claim®6
wherein the slow release conposition is in a form
sel ected fromthe group consisting of polynmer 33
coated nultiparticul ates, polyner-coated tablets,
pol yner-coated mnitablets, and hydrophilic matrix
tabl ets. 10. A pharnaceutical conposition according
toclainms 6 in the formof a 5 capsule, tablet or
capl et.



