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USE OF M TOCHONDRI ALLY TARGETEDANTI OXTOANT m THE
TREATMENTOF LI VER DI SEASES AND EPI THELI AL CANCERS

waewknirad Field The present invention rel at eSPCDEPID65/053338
use of a mtochondrial”™ targeted antioxidant, e.g.
derivatives of vitamn E, coenzyne QLO or a

US]gI ut at hi oge Pﬁﬁmag’e'gm mt*@n&ﬁﬁ@gﬁlmﬁnﬁﬂﬁnd
TREATMER romﬁi:nﬁ{ngka RASE %ﬂ?ﬁ%ﬁﬁﬂﬁﬂiﬁﬂ CXNCERSease

vari es rever atty liver to

rp ssive chronic liver disease, which results in
Te‘:ﬁﬂ@g[@{?z‘* opnent of the life threatening conditions of

l'iver cirrhosi Liver fai.lur. nd, l iver ca
TherPéFﬁf’/Pt v et Hi use or o dhitosno il g SR BliordliE eu. de-
nva\tqv ihfiﬁﬁhh@ 8o e©; bw uta@%i@ﬁépéi‘bﬂﬁamﬁmm irothe @atment
al co and non-a coho attly i ver disease (NAFLD).
andiflepantion of Bveridisesses Ami/p remfl@b QACTS. a gl obal public
health issue. It is the | eading cause of cirrhosis and
BadkgpaimC Akt ul ar carci noma (HCC) worl dwi de (Conjeevaram
H'S. et al., 2003, Journal of Hepatol ogy, 38: 90-103).

The §Réthirh o$ literdisedse ¥areY frontmildjand redusible dhtty liveeto pfogmsﬁve
morbidity and nortality worl dw de, ents one
chrottie liver disegse WbéChwl@&PltSHn &%@WW@?@%@?S threatening Sonditions of

h"efﬁi‘%%?’é; Jm (nyrll C (ferHepatoI ogy 2003, 38:

Ion frequently causes chronic

The D isBs of fHrsifleifen s b Sl G| ROATHL B G B! exces-
s1vé\@ﬂlsut%§ﬁ0135ﬂal&ﬁﬁ>) andhephleblialid faste livel dissase(NAFLD).i s

t he commnest cause of ci rrh05| s in the Western worl d,

Hefaiis Bitus (PIBV)Ghfechén {s ?uBMHMhﬁ@M& &% igthe tading. cause of
Inthe Unit ed “St at es, ects at least 2 mllion

cirthesipin] hapatoaplﬂnlmamn@ny (116}63:) worldwrideo(Giomigergam Hifeet al., 2003,

tr I
o SEUREAIERE SR RGN Sl O Bt e
relaféd MOV difPdridomaindlityraso r]de)stdia“ rq&edents@eanzﬁthwhmmub%health prob-
The spectr um of ALD_ra

lem@@ma gx; ¢Hprsaii-h RIEERY 243" R 1R#-118). The HOV
mfe%flh n fie géég t&hm C" R G HiSis 1Red f5the dé\l'e?opment of liver

pI'l e excretion fromthe

cirthbsieand HC(X(l(lysng J ghet all, 2002t Ay Cliin Miesk 28: 38+360r t
S.F. and Day CP, 2003, Journal of Hepatol ogy, 38:
AlcdhdR) livedldiseasegALIIAtik ¥hel dowemnonest cause of cirrhosis in the Western world,

currently one of the ten most common causes of death. In the United States, ALD affects at

ar

Jeast 2 million people, or approximately 1% of the population. The true incidence of ALD,
especially in its milder forms, may be substantially greater because many patients are as-

ymptomatic and may never seek medical attention. The spectrum of ALD ranges from fatty
liver (steatosis), present in most, if not all heavy drinkers, through steatohepatitis, cholesta-
sis (characterised by blocked bile excretion from the liver), fibrosis and ultimately cirrhosis
(Stewart S.F. and Day C.P, 2003, Journal of Hepatology, 38: 2-13). Although fatty liveris
reversible with abstention, it is a risk factor for progression to fibrosis and cirrhosis in pa-

tients who continue drinking, particularly when steatohepatitis is present.

Non-alcoholic fatty liver disease (NAFLD) refers to a wide spectrum of liver damage,

ranging from simple steatosis to steatohepatitis, cholestasis, advanced fibrosis and cirtho-
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reversible with abstention, it is a risk factor for
progression to fibrosis and cirrhosis in pa tients who
W@ whioeRTeo dr i nki ng, particul arly when st eat ohepelt/EP1085/053338
is present. Non-al coholic fatty liver disease (NAFLD)
refers to a wide spectrumof I|iver darrage rangi ng
fromsinple steatosis to steat§re atiti

chol est &n tﬁé
sis. Sipptohepaiitis (pewrglcghelinsteatphenatiiis) renspsex S&’P@bé? spec-
t r e t I
ok SR o AT g
plcﬁﬂreaéamblds thiveof alcohéﬁmcﬂ;ﬁ&ﬂhﬁe&&ﬂg)lry, bheit pemminmt@aus who do not
pi cture reserrbl es. t.haf. of al cohol - uced ver
s flgpleL. WAL shoBla e TRt P RO IO, T O/ gkt bepattis,

restf‘lj B'B}n se &Bﬁ@iﬁ@é&l Qe&ﬁséjﬂhéieeéo%ftioﬁﬁ ﬁﬂvef dis¥ictly different patho-

t03|s or W t hout hepatitis, resulting from
gens an«b outaoyes éﬂswecmdaasu eanseshelcatty et diseapes(skeatasis) are nutritional

di st t di f.f
R e B0 RSO, Al i
gasﬁbﬁté%ﬂﬁa{l'sﬁfg‘éﬂafor GBeﬁty) Rﬁ'@éﬁlb@— gvﬂlb&fdrﬁcdmé gytithétid esm)gens aspi-

starvation, total parenteral nutrition, rapid, wejght
rin |oamnghamebbhple@s,utﬁaacyghn@ wplpraie ACidheasping,) antiyjralagents,

kB A e 48, SRR e o i
phy§ G?s%e%po@mdm&mlaj W&E&%‘antfan dlisendes palactosaetaa,fglywgemstorage

hot rexat e, . zi dovudi ne), net abolic or. gene
diseripis cResa BN JiverQigregnancy) GHF Gher, g 25 s digieies méﬁF\gssPP%Hy or
a P 88 - (DO MIREHeen RIN.M.
hypg%:lzqqa&&] %?ﬂl@ﬁ %/ogfa%%mbye%d aﬁ&gf})ﬁéﬁ a?ggot her, such aseen
et a1l| 2003, @athnhjgylotf lﬂﬁ:, Livere Fourgh Bditio p@hlhm}mﬂldaemgatopg@sqwq; Sci-
P., 2002, N Engl.J. Med., 346: 1221-1231; MacSween
en"R)N M et al., 2002 Pat hoI ogy of the Li ver Fourth
Edition. Churchill Liyin sto iglsewer €).¢ disorders i
Despilsfha Brevalens:oh s S RisoRacsh EocHvG drerpisto sordets in
thlsg%ﬁe%%%%aw&ftap' es for nost disorders in thi s

y are absent. A variety of inherited and
y r
A GRS o SER3E 1 G A B th inrons of e
he;(aﬂd%)ync sHteradediand ﬁIameQnﬁF))éytbdkelam Orferaf heempst] ﬁ?equellltdf adlated

st e oAby bbb Sy B bbb et ACKHERE st

heﬂ}ﬁﬂs Qﬁ&ﬂ&?h‘cﬁh&lﬁ%ﬁﬂf‘éﬁdﬁ?&h} SR8 cRoledtRiE Tbfser ntoxication and
opper 1 ntoxication and other netabolic |iver diseases

othasmambbh@hverrdmm ahwpllms desame bepataselulaverseinpmerdCCs). MBs

consigt ghneetied st LRk o iR kOHBPoASH! ALl ASsdiBia broteins
inveVealislgd &f(ﬂﬁ&l ?l‘ofe@@ﬁ@p@ﬁe(ﬂsm,HSMZﬁﬁz afiPulsiquitin). Misfolding

ubi qui tin). ol ding of proteins typically occurs as
ofpromsstmm ecqtjfs asracRoasenueTes 9f raleingRodification insttuations of cell

s’cress,I particularly oxidative stress. The chemical composition of MBs indicate that kera-

...(D

tins are preferred targets for misfolding in stress situations and that MBs can be considered
as a consequence of a cellular defense response to misfolded keratin (Denk et al., 2000, J.

Hepatol., 32: 689-702).

The severest of the non-viral chronic liver diseases, alcoholic steatohepatitis and non-
alcoholic steatohepatitis (ASH and NASH) lead with high frequency to liver cirrhosis, liver
failure and liver cancer (e.g. HCC). ASH and NASH cannot be distinguished by morphol-
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stress, particularly oxidative stress. The chem cal
conposition of MBs indicate that kera tins are

wpe@beoy7ed targets for msfolding in stress siPUHEPING053338
and that MBs can be conside¥ed as a consequence of a
cellul ar defense response to m sfol ded keratin (Denk
et al., 2000, J. Hepatol., 32: 689-702). daé;e sever. est

ogip palpasiondm the diagnosiic Bathelogy labprajory clngregse Fit?PP%tlon accom-

T e

howéveg lindidté these minek deirioas camalitions. Cellujar di@ges ik A Hhanil NASH in-

clumwésa 5 BN PR Pace A BTG FheEssal s 2 M), and
sﬁefﬁ‘mﬂ bP RO ctell%a {dg?/rﬁ; P(ﬁﬁi&?ecp% b%'cﬁ%[g‘ﬁ%btfo for these conditions.

anmmat 1 on an atitons 1n liver cel

o e i, bty g
agniofiis “ialsiepsyris hetweyl likély ¢o affedt tiombmgpementofithe disease imé patient.
intracel lul ar aggregates (e.g.MBs), and this spectrum

Altﬁéughl HRF cdifbt isRelbhiddlp dlcdrem6R ibihd ehdigiriatizeEwditapresld, it is
for these conditions. Overall, there is no proven

ameng:tbe fleadingrosnsani cancst WasaWided INgesirastia ymany Oéher types of cancer,
the %ﬁn'bnli &ipne%p 'wﬁ@@&%ﬂo} Qﬁp%tleﬁﬁf}%sﬁ%& Sardef 1s‘i§5r¥a§lﬂ§§ ely to

managenen I sease I n a

onf B B Pl OE A TR b e
narft AHEES a@louBHAE Bt abBIitl (CiwilHen déaﬁhslyiem (Brdiix, ertrmnyoau; h]ancer Cell
pes of cancer, the number of people who devel op and
(5)0% -2¥®Bm | i ver cancer is increasing. On a gl obal
basis, primary liver cancer such as HCC bel ongs to the
Theprincipad misk factars ifer liven cancanase yirsssonlaehal gonswmpiion food contami-

sy APRI53A S4E0 BB kg e B BN Plnd i

hepatiti®B #d T edntidhe td/intteass Theboduk therefu igfor a rsteady) mdrease in
contanmination with afl atoxi n nol.ds and tabolic

livegicgeges etes, undrasqoging dhegreed (FRIoNRYY TheFAPARSAN dHS BiFAc
hepatitis B and C continue to increase, The outl ook

anare'r lsrep cances isrdifficylt 4o traaty Swrgicabresovahod thg eancep ardoliver transplan-

i S B bAoA P b s

sis el c@héerlis 6i@éﬁ3hidn gdivarided stagélc(ﬁ[emhbrhpwﬁ roctasmﬂy ared for tumors
tation is limted t

nOtcﬁBttﬁﬂﬂ?\ for 329G P DEREIE S PBLY Shot 1igh s AT sfesor pri-

1’1 kflly not f-
AR Wt it

fec‘maet Mymﬂammdnt pfliverwandey. short 1ived. Thus, survi val
rates for pri
For HCC for instance, there is no effective therapeutic option except resection and trans-

plantation but these approaches are only applicable in early stages of HCC, limited by the
access to donor livers, and associated with severe risks for the patient. In addition, these
approaches are extremely expensive. These cancers respond very poorly to chemothera-
peutics, most likely due to the normal liver function in detoxification and export of harmful
compounds. Several other therapeutic options, such as chemoembolization, cryotherapy
and ethanol injection are still in an experimental phase and the efficacy of these is not es-
tablished.
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mary |iver cancer are particularly |ow Conventional

t herapy has generally not proven ef fective in the
worewagestent of |iver cancer. For HCC for instaPCBEEP2005/053338

there is no effective therapeutic option except

resection and transplantati on but these approaches are

only applicable in early stages of HCC, t ed t he,
Thugamit Bow @0@@mﬁfactpﬁy\¢b¢rﬁpleﬁhw§§§a éP\é&lwd\mp eg & B¢ éble to inter-

veng Fi i‘gerfcﬁ%rr[é%}? aﬁ’(%fhgpé 1th|eﬁa|l‘%qgééré on, these approaches

hese cancers respond very

%%é.%oﬁ«?viﬁm?‘" i "" it e be bardied ot Bplyif by e
codaﬁhﬂztt&chﬁeﬁm@ %@Jﬁml@@m@by@hmﬁ ofhﬁial&pl%ﬁé thain pSmtthR AlJ. et
such as chenpenbol i zati on iﬁﬁ}l erapy and et hano

al, |1fﬂ?%cﬂurohBa¢®em,|26B 70P-a10, @J@é A Eaft 3hndY, Jﬂ%loﬂ i{ehem., 276:
A e

lows@nti6xidiitetd e fafiietsd tu elphmaity productich siteraffree radidale amiareactive
epithelial cancers. i S already kno t hat, vari ous

oxygan speeies yithin theyell, J@éh%h X}f;qp@ﬁa ia by
their covalent attachment to I [ poph| lic _cations

In pretigularothe dargeting ofartamin & and coppzymerQu deriativgs (US ﬁé@é 532; WO

99/%{% WoRlBHI8T a&c?%f(}%@%m@g%s)jcggéﬁ%a BortE pergafidas mimetic

(W@l 20042012527) tBintitocheidriat3ink2dbm 18 1l 2iphesfiphosphonium ion has

B oA GRS s R LA
tetr%%%‘ggg plgﬁélfzﬁpﬁfeg@ ?l%étﬂﬁ ﬁ%ﬂenyl?ﬁ&ﬂﬁbmhﬁﬂ&oﬁﬁdé‘@hto%t E) and

Fan I spe tlcul the targetin
amikﬁwbﬂMEanﬂobﬁGF@;@dlh@mxyld;S dmnethmw 2- US 6,33 1,532;

mefyInhen LB RS EboT B PR Ao S g B -
mrﬂEtﬁd%&@Hﬁfﬂy@-i%Wdiokﬂi‘l' meydlmﬁh&enil g,a)debylnxhpmﬂylphosphomum bro-

phosphoni um i on has been descr eriments_in

mldn MitoQHHB s G Haet 4l21qeacit, @nd]%%tb FﬁAHyea aloxlge. 2its) or MlitoQ com-

t r.anet L) atday L.t RIS&%F)
n %%%&%ﬁ%?‘?%?ﬁ*ﬁﬁ aé—gl\ﬁeg %I{/(lt %traé %Q@K/?'t ol()iu nol’ 280:
2129]502131,2@ WODYGH/ 06322 abd WWOROOFHNG323) are rapidly and selectively accu-
met hyl phenyl )decyl Jtri {Jhenyl phosphoni um brom de and
mujgteddy Anitephondnia Wi ated cells.

di met hoxy- 2- neth I- 6- di 0x0- - cycl ohexadi en-

In aiditjanrd mﬁewnéﬁm@tﬁd d%vaéme@@ ﬂ(q\appb@p «eﬂ@egﬂ l@tﬁy one

ooy neSh e TSR E 0, BndericrCheon Pl 2003
675(“‘Jlalea$ng°omfhe BiochbmicaPB0&Gety) 1 Bl5e1299em 280:

Importantly, the accumulation of these antioxidants by mitochondria protected them from
oxidative damage far more effectively than untargeted antioxidants, suggesting that the
accumulation of bioactive molecules within mitochondria does increase their efficacy
while also decreasing harmful side reactions (Murphy M.P. and Smith R.A.J., 2000, Adv.
Drug. Delivery Rev., 41: 235-250).

Furthermore, it was found that the simple alkyltriphenylphosphonium cation TPMP, Mi-
toVit E and MitoQ could be fed safely to mice on a long term basis, generating potentially
therapeutically effective concentrations within the brain, heart, liver, and muscle (Smith
R.A. et al., 2003, PNAS, 100(9): 5407-5412).
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21295- 21312; WXR005/016322 and WOR2005/016323) are
rapidly and sel ectively accunul ated by m tochondria

wowaokies7ssol ated cells. In addition a PCT/EP2005/053338
m tochondria-targeted derivative of the spin trap of
phenyl - -butylnitrone (MtoPBN) has been devel oped

e son o G e S8 o 83 wo
2ol oD AS U OL B o 3FBBiIts s g

the RN Blc@ highondlay okidativastteas gt eidicd stithmeuchalegenerative diseases,
suggesting that the accumyl ation. of A bi.oactive . .
such$ Barkinsen sidisense. FiedadionAasia JHLons flisask difenses pssociated with
it6éHd i RO ' | ifamBBebh BAEischemi
iGN BT a0 BERETS08n i i pac B i
repéMiisiotetissuRinjury i itrolk85h@B0ttackyy ptdas transmantationyns! surgeny and

the P pmr SLIo8 B NEOHQURstAEH BEbABnEap dgtoD oat EBgH dmpounds
as }%rﬁgl%rl&ﬁfcg} fet o%fﬁﬂseatﬁiﬂg‘%n@ﬂhﬁlﬁﬁbﬁ!tb ¥meliorate the ischemic reper-
e

rapeutical ly effective concentrations wWthin the
fustondnjury thebedeprsl duyiog surgety, tsednee ¢elidampgrAollqsying stroke and heart

B
mia?gégﬁ&ﬁ‘blaﬁihem ﬁ@%ﬂ@%ﬂ&ﬁﬁateﬁk@@ﬂﬁéxﬁiﬁSZ’Z and WO2005/ 0
6323) was clained for use in preventing the el evated

IntdFbdt OF HRYMdnRh] Prhdist dnvibxiibhtehisraps SOk Aleehent bhalcoholic hepatitis
neur odegener ati ve di seases, such as Parkinson's

(AH) kaszsiscn &rd xesuli ofthe growing Hodyf evddense gmplieating oxidative stress as
di seases_assqci.at ed .wit ' ' ' ,

o iy BRGRBRT Rote kBN PaleSBIAN S rar b, B BRy €, 2003,

Jourdl BE PepatoRIB§S 38194 1B). Thess vensidyrations havstecakbsled hesaveral trials

. attacks, organ transpl antation and sur gery, nd the

mva@gam@qefqﬂgcq Qf stigidgnt SYPRICHE RGO INRPTIRR Pﬁﬂﬁw’ﬁr@.f”ﬂ fe-&

Phlﬁgg%\& 'e?QL Y961 Ofogfxﬂ?é@ﬂ ng',qﬁ: 850 8. PP Hé!AGS: k&ent Gudy (Stew-
pf ot €c ur

drgans Ing transpl’antation, to aneliorate
art St et slg 12002, Jonmpkof Hepmitalologyj 16:16)thaactive guoup rgegivede loading

do et pacsicteine S Cue e dpligraitty L melkelhy Jorf Shefiig vitamins
A-RR6ES sedhRnf ZRcSHak@ERbi) bEprep, RigheSiuinS GIR d¥idand@enzyme Q

een Claimed in the nentioned patent documents.

dailyrfoe 6 ewnths) Thisenfioxidantithérapy shewedimodenpiibaidanalonp s iggpmbina-

. in.the tr ment of al j il . .

ton, b iferdiE Ih Pl ot P BRY, G A B85 BbbBrleMhe BE bigh dose anti

oxidam!thérahy Eehfer¥ nd atuvirel Béteds $n patieatskweith savervahHyStewart S.F. and
al cohol -nedi ated hepatotoxicity (Stewart S.F. and Day

Day (2., logogib)-

Oxidative stress has been implicated also in the pathogenesis of non-alcoholic fatty liver
disease (NAFLD). In the study with choline deficient diet fed rats, vitamin E known to
react with reactive oxygen species (ROS) by blocking the propagation of radical reactions

—H

in wide range of oxidative situations, however, neither prevented the development of fatty
liver nor reduced the oxidative stress (Oliveira C.P. et al., 2003, Nutr. J., 2(1): 9).

In studies with patients having liver cirthosis and a history of hepatitis C virus (HCV) in-
fection treated by alpha-tocopherol (VitE group), there has been shown neither improve-
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Jour nal of Hepatol ogy, 38: 2-13). These consi derations
have recently led to several trials investigating the
we@bdoenos764 anti oxi dant suppl enentation in patiRBCE/BP2A0$/653338
severe AH (e.g. Philips M 6t al., 2001, Journal of
Hepat ol ogy, 34: 250A). In the nost recent study (Stew

art S.F, et al., 2002, Journal of Hepatol ol 09V, 36: 1:‘621mu1
ment|of livien fupefioqs SURPTossion of Bepaioqarcipegryesis for grprovement of chmula-

o s RUIELY 30T AR U b i iy o
ruRRRERCH S 25 RGP B! B 9, QP DR

biopA9-p26¥f dhirorfit hbwititia|OWho Biid beenamtrespantérs to sptevious course of
sferoids. In sumary, on the basis of,tgﬁq at .

alphaviaterfesone ora] suprlementatiophwifs Seacghilicygizing lﬂz)mf-.’zﬁlaé'a gnd vitamin E

(60f8Y/g5l0%ia BopHintb e pBRFjshbady bRBidegiichr ik ARURIERIAN alone

(Ideet Ge%s ahaHobeBar. I rPastroadted].dliepatdly 11 (el )pi203e@enesi s of
non-al coholic fatty liver disease (NAFLD). In the

Suminady oMiidneptione deficient diet fed rats, vitamn E
known to react with reactive oxygen species (ROS) by

Th%@&ﬁioﬂ?efa{bg 1P THRRAS BT & Bitofhord@allG Mrgéted ahtickidant Bombéierd com-

range of oxidative situations, however, neither
prisprgesy Bpaphilic ¢etiod eowdlenshecouplsdl 16 an eptioxident medety ferthe frgatment or

the aoxidative stres Q.L,veir et al., 2003, Nutr.
prog];yia:gf ?Lfﬁ"“é)dsseFﬁsgP%.S ! \ic\nﬁ?]hC%B%F'e nts having |iver

cirrhosis and a history of hepatitis Cvirus (HCV) in
Detaded DgSEHpioOn g py al pha-t ocopherol (VitE group),

there has been shown neither i rovepent . of liver . .
It has esv paexpesigglyrhees fomd dhatjhe uge gmeqcﬁg@cirﬁ@gi targefed antioxidants,

| it ' A ¢ TRAHHde Himéic, & useful i
o RAERR Vi Bhofpinie Qi Bk Bon FREde iimle, Huseul in
the Freatinieat amt prevéntioa of diveodiseases gndirlepitbelial eancetsudy of

120 consecutive patients affected by biopsy-proven .
In it Broatiest dxpea; th iitveftivmprolviids b adtochondriadlyangeted sintioxidant which

previ ous course, of alpha-interferon, .orgl . .
coraprises & NEABHDS SAfiof GoNaIRPLLE UpIed 10 &p ShHExifans sugigye asrein the an-
i i@ jrtdd Aon ST Re MifochBAdrRA Yembrane and
tlo}gé%t}%&ceyg c&g@l??)ggg f#gﬁ%é}l\sﬂrﬁ al pﬁga-i nterferon al oer11ne " .
accliindiated Wthinghe miitochab@fid of fgact célls, Gratse irethe dregiment and prevention

Hepatol ., 1 11):..1203-7) . Sum: f the | ' . )
of IR ek et ithatidvnient o Dot B sriubNERR o imven
tiot Pre&iteeeIRilkir daitiaf@ fisulGABTRIM OxidMRY stebN@r drek irpliguls)lin the mito-

cation covalently coupled to an antioxi dant noiety for
chonfdat r eat nent or prophyl axis of |iver diseases and/or

epi thelial cancers. ) ) )
The term "liver disease" according to invention refers to and comprises all kinds of disor-

s

ders that affect the anatomy, physiology, metabolism, and/or genetic activities of the liver,
that affect the generation of new liver cells and/or the regeneration of the liver, as a whole
or parts thereof, transiently, temporarily, chronically or permanently, in a pathological

way.

In particular, included are li':rer diseases caused by alcohol (e.g. ASH), non-alcoholic fatty
liver changes (such as NAFLD including NASH), nutrition-mediated liver injury (for ex-
ample starvation), other toxic liver injury (such as unspecific hepatitis induced by e.g.
drugs such as but not limited to acetaminophen (paracetamol), chlorinated hydrocarbons
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Detai |l ed Description It has now unexpectedl y been

found that the use of mtochondrially targeted
w@niososd78ant s, e.g. derivatives of vitam n E, POERR2NE053338

QL or glutathione peroxide Tinetic, is useful in the

treatnment and prevention of |iver diseases and/or

elthellal cancers. | ts b dest t, the ., .
(0.8 Bl AToACHB (<PEAATanek YRR APITARIng gk s oniacid (Drug-
md@d%hl mcou Afggﬁ%w 418 SRbdd NI§ & THCCRAOMA Gastroenterol.,

cova to an antioxidant noiety, erein
200621 (3)1 %B@Qﬁmfo@n@qcahen oaspliing einclcutesirohronic liver failure, e.g.

t te h th chond
by SATRURIHGR SRS CAE AR GG g or ingestion
of ceRhin45&al Bud B g {AFRMmARE ‘h@ﬂﬁﬂf)ﬂoﬁﬁctﬁ’ fuskd Wehatural medicine

I seases and/ or thelial cancers.” In particular, the
( honqpepaticscduclc aS)Nﬁlkrtngﬂ@, Ghapemaly Kawaﬂi@wénmﬁrfemca o&bilirubin me-

tabcgjg ggparﬁ;ls lillr]l(telts drﬁ{rnl%g] cgﬂig%t%%fﬁ \ﬁanﬁir estép%f 1gtrahepat10 vascu-

lar RbidBASRI cifthl sﬁé)d {rB@ind 8nd SHEEHYI(6B. Pﬁ%é ﬁnah@ux%ﬁ)d radiation-mediated
conpri ses a ki nds of disor ders that affect the

hveanamorr{yuchms;ogusﬂddgya tapy)-i sm and/ or genetic
activities of the liver, that affect the generation of

Liverdisdabe srfurthér mdensthodto maprimgiafmtiams liver diseased causode.g. by

hergRyCReRt (58, SR b BREros (R b g PRGphlnedmediated
liveP afsbééél(é ?r autbifrhinitbpaties)] FuttHer ﬁicﬁﬁﬁ&%hﬁ@ isjaty due to sepsis.
al cohol ASH) , non al coholic fatty |iver changes

leérs&i%s@ﬁ Mﬁ&%d@ﬂdbﬁ't@ oD genBd Tibdr REbrdGE (s ds heamo-

I'tver Injury (for exanple starvation), other toxic

chromatesis and alphal sutistypsin defisisecy)f il otberdnherited metabolig lingr diseases

o pbbld aleth @é’ﬁsﬁé@fed L;Bﬁéﬁié&??i‘ G A1)

rr S0 B % QP A B0R] b eBRY bE gl Yac)

non-AESHoTY h&&%se&@(l\h@ﬂ Statobid! dhofdRtasis, cirrhosis, acute and
stroerf?g}ol , 2005 I?): 283- 292) or food ?

chronic bspagiis; samoghiomatosis and adphad @ntitrypsin defidenayy er
failure, e.g. by consunption of nushroonms containing

Withid the meanmg(qﬂt]ma‘ presank invBhticrf tha e Hvendiseasgbadcondingfo invention

o S o S RB a5 AR B e
asiﬁéal%hllﬂafﬁyp%}ﬁlﬁm Ghappr ral, Kawa- Kawa), interference

of bilirubin ne tabollsm hepatltls i ke syndrones,

L1vF1h&iL‘%§é %Sfbﬁherggﬂ@fé{dbﬁ% CURpHSSTHRA ieoﬁlﬁtfc@i&ﬁ@s'sﬁcﬁ’%gn

esions and cirrhosis), trauma and surgery (e.dg.
livePneopjasms(erpe liverde]l aldan:bma)l asrweleasi lvep cancer, for example hepatocellular

carcinoma (HCC). HCC further comprises subtypes of the mentioned disorders, including

;ﬁé

liver cancers characterized by intracellular proteinaceous inclusion bodies, HCCs charac-
terized by hepatocyte steatosis, and fibrolamellar HCC. For example, precancerous lesions
are also included such as those characterized by increased hepatocyte cell size (the "large
cell" change), and those characterized by decreased hepatocyte cell size (the "small cell"
change) as well as macro regenerative (hyperplastic) nodules (Anthony P. in MacSween et
al., eds. 2001, Pathology of the Liver, Churchill Livingstone, Edinburgh, UK).
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liver injury (such as caused by radiotherapy). Liver
di sease is further understood to conprise infectious
WO pwenodisseasej caused e.g. by hepatitis B vir uBCT/EBM)5/053338
and hepatitis Cvirus (HCV)8infections] and
aut oi nmune-nedi ated |iver disease (e.g. autoimune
hepatitis). Further included is |liver injury due to
Thesterss 'epithelial weaner's within the nregning of therigegniion decludps carcinomas of

CONRY | netj i |.S ; -
s RS el G e bUE e g ity opres. ros
tateg$ldn e dBreadt ARRY dftgastrointestunll systdr wach ali ssomsohs kideeyy and colon.

net abol i c steatohepatitis 1iill\/BH) % Pr (%f err .de%gan(‘ﬁ.l es
Thegerm 'epitheliplsoners accopling ta the Frveationtalera o diserdes 4T diese organs
. . el . i . . ¢
in oA cofiphent B8 HERIOAN Buldintielrilify BABSSgnan
tumoh identifiedhsgatding & thh standard dispgaosiki procaduirealap iganerally known to a

antitrypsin deficiency. Wthin the nmeaning of the
permn&@{?fimﬁhﬁew-i on the term"liver disease" according

to invention al so enconpasses _tunprs ((ﬁr@i rra%é liver,

A prefopedembydiment represents thraise efthe mitoghondpallyjiargpted aptigxidant

S | A A i i r i o i . .
coptAEPp AR b E AL Y i st oy i
the thesigfeandsprevenion lod hivendibéase wheeeip thesliner (isease i$ 4 disease selected

from by E0UB PGP oL AoRO I e B s, SRE T disgase, sea-
tosis WHoYdRfSis Ofiver RETHIRA! hAA6n-MAASEEvor injiS), wkid Bvdriixjaty, infec-

cancers c’hal_r acterized by intracellular proteihaceous
tiousriveudisense,dingr gyryHicsepsis anteimmung-mediafsd livep diseesps kemochroma-

St eat gsi and .fLbrol angl | ar 8 5} I :
sy | PRI BE TR PP e sy TR 1er panger, benign
live? RB6pIadnSY dndiefdcdl hollalaF adigpat ocyte cell size (the

"l arge cell" change), and those characterized by

Angtﬁglr nﬁ%&ﬁ@d REMBHRTHE Feprdiehts Hhedse (dF i mRGBIondA gl targeted antioxi-

ge) as well as macro regenerative (hyperplasti gga )
dant combexmd(campmising aHipaphiliveatior epvalently] C,ouﬂéé to apantioxidant moiety

. .Pathal o f the.ljvert. rehibl  Li Wi . g i
in oo Veab BTyt ot TBR! Bees o dpge
lectdB Fonithe @rodp nkiBi e bf sleotiolie/liveedisese,aionaiambotit faityglives dis-
other than liver, selected fromthe _grgﬁp consi sti.ng. ..
easefstatasty, chalestesjs, liver@irBess, ngpryionymediated kiver IBMYJpEigdiver injury,
i i ' ' Sé&difB8 Gler discase, hemo-
eyl A, Pl SYELSGH AR s s, o
chrematosis] aiphdlcantitvypsindeficiency, radiaion-mediated diversingiry f
these organs in which epithelial cell conmponents of
Thé MQedtionsRatedrie thermo of o miituthondridllyitageted antiomiding campound com-
pns;:ﬁlijggrg i;glqglglgé éag{oggﬁgglggqu dé: 4 gﬁtg?{coiag%gtslgxqggngﬁ rn‘ajoigtly&}g t %Sﬁrlelgaraﬁon of

a medicament for the treatment or prophylaxis of liver diseases and epithelial cancers.

A preferred embodiment represents the use of the mitochondrially targeted antioxidant
according to the invention in the preparation of a medicament for the treatment or preven-
tion of liver disease, wherein the liver disease is a disease selected from the group consist-
ing of alcoholic liver disease, non-alcoholic fatty liver disease, steatosis, cholestasis, liver
cirrhosis, nutrition-mediated liver injury, toxic liver injury, infectious liver disease, liver

injury in sepsis, autoimmune-mediated liver disease, hemochromatosis, alphal antitrypsin
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person skilled in the art. A preferred enbodi nent
represents the use of the mtochondrially targeted
W@ibo0§76ant conmpound conprising a |ipophilic PEX/EPW05/053338
covalently coupled to an arfti oxi dant noiety in the
treatment and prevention of liver disease, vvherei n the
liver disease is a disease selected fromthe gr
deﬁcmsy,gadlngommema&dﬂmer injyyy Byerseaeeachenigidivenn #imsand focal
5 di sease, stea tosis, cholestasis, liver
nocﬁlfafﬁ:&g ié? ea: ; : | & :

hutrition-nedi at ed I|ver |nJ ury, toxic

et apoisprelemal et g st B e ARl fifeclcatfididant

accORRIMER R BvERRSin tﬁé prephrafioh bf 4 Mfé&ic@m@ﬁffoﬁtlﬁﬁféﬁunent or preven-
radiation-nediated |1ver injury, liver _ cancer, benig

tiorl ofliver dsezpsbawh@emrthe hmradlsqawlslaahsqaww@sﬁr%n thm'ioﬁlé ponsist-
mgrgﬁf {‘}8{\ H; Yeg%ﬁgas(e n—%lggﬂogﬁsﬁ?fgi 11(1% 9{eafoglg cholestasis, liver

cirrfi6dR muGititgh-Pedibea pivet infur; abmm%ﬂmhynhfgcuowmaaﬂl%ase liver
an antioxi dant nmoiety i1n the treatnment and pre\élg)lﬂt

injusy in sepeis, wt@mwe-mﬁéa@rlrhvsh@wméwmic%r@asaéo% antitrypsin

defgcfeigﬁ,sr?m‘aﬁ?x!l ?ﬂ:e'ﬁfagedz group consisting of

I ver |sease on-al coholic iatty Iiver

dtb-?l}e as"egﬁa ﬁﬁ@)ogix%edﬁ is fS gtf é] Fele )%JtO{:ié%fdélaﬁ#’ tdr &3& 2nt10x1dant com-

pounafa@6driRgIo invétionlivheriethe lliveedisdas isrdlcdholis Qipen diseas‘e or non-
aut oi nmune- nedi ated |iver di sease, heno chromatosis,
alcohobigfpitsaliveridiseps n defi ci ency, radi ation- nedi at ed
liver injury. The invention relates to the use of

a
A fmtherqmamed embgdimentyepeasertn theasr ehfhe Bitrhendipllydaeeted antiox-

dangrﬁ{)ﬁ?rg%%)éig 1%81‘ htplﬁfen??é éﬁl%}‘eglg gh%[al { hi’ée#g Ys%l@%lotlﬁ s?e'&tohepatltls

orﬁ@f.alt;&}ﬁ)ﬁ@rsmtdmepdutﬁr prophyl axi s of liver diseases and
epithelial cancers. A preferred enbodi nent represents

Anbfher pteferRl iR dihdn® i medEé of thy nlitcBeidilIR margemd dmmmdant com-
according to the invention in the preparation of

pounddiccendingt to fiyentiprs wherein the Aivetdisease isalcabolip S’(?ﬁtOPPRPéWS
di sease, wherein the |liver disease is a disease

Yesaiotier prefémahembadinent i theorseiof the mijodhondtialbHergeted qngigxidant
co RSB 5 LSRR bt e b RRE A B v

Wiy 0 Sl o T S o
asgéssl?\%? Qisoft DIREIRT cincefd ANRKned above.

ant 1 trypsi ndefi CI ency, radiation-nediated |iver
g ﬁ@ﬁaﬁg%r Rl dnfiRidant
Aﬂr{gfgﬁlé mhb%lgéenf@ élﬁ?(et asggtf‘hﬂérrﬁ%?dglf%er re r%o di ment !
corhsoundeforthe tiehitnidne onprophylexis off aldispasesacgerding ta inveoion wherein the

liphophilic cation is the triphenylphosphonium cation.

Other lipophilic cations which may covalently be coupled to antioxidants in accordance
with the present invention include the tribenzyl or triphenyl ammonium cation or the

tribenzyl or a substituted triphenyl phosphonium cation.

In another preferred embodiment said mitochondrially targeted compound according to
invention has the formula P(Ph); " XR'Z wherein X is a linking group, Z” is an anion and R
is an antioxidant moiety and the lipophilic cation represents the triphenylphosphonium
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according to the invention in the preparation of a

medi canent for the treatnent or prevention of |iver
waele®easwso wherein the liver disease is a di SeaBEI/EP2005/053338

selected fromthe group consist ing of alcoholic Iiver

di sease, non-al coholic fatty liver disease, steatosis,

chol estasis, liver cirrhosis, nutrition-nediated |iver
catipmjagshown by ithe ganewd farpjula y, i nfectious |iver disease,
liver injury in sepsis, autoimune-nediated |iver
di sease, henochronatosis, al phal antitrypsin

use of the mtochondrially targeted anti oxi dant com
X ab 8 UlingGEeinag bé @ cirbee Bhiif)ondsteeme chiben ringsror di combimation
is alcoholic, steat ohegat itis. Yet another l_IF)ref erred

thereq o Megh chiaips oF SingS WheRein: Ote GFTRQIE I5BTRAR LM ATp IeRiaced fpy oxy-
bkl i - | Qe wheda N
genf(ﬁ(;eﬂrqﬁ%g@%ioggg%%y@no%- a cg%o: IC s%eat oheéat Iti )s
/ t.hin ' [ Qv | F o fl ;
Wil 3 dphes LB ol the Grbdb Bl e a1 o b o485 Chains
whi%ﬁ%ncgmiet dieldrahore dodisie or aiplaiedrds ack abowithinAhe sefperof g inven-
. enbodj nent _represents, the uyse of the mtochondriall
tion. AlspinghirdegheresRTeR chaias RFBIRE ORGPT REP %&P?Fﬁﬁfsugil ad oxo, hy-
0 ' | RBRRR ' bPHRAS 418 chai
aroffIo B RHC T ortaliexRRTR ARGHR) ety loflc LEMBHY 4186 hains or
bratcliep kelagtedFrosplmsnbstitutedior sbstitOtadentkyli allsgrtyl pr alkypeyligsenps.
whi ch may covalently be coupled to antioxidants in )
Prefegtsly,dd i Cyi-Chy, trioee prefesably G 1Gsembosd praferablydé -€aearbon chain.
tribenzyl or triphenyl anmmonium cation or the
Prefdratil 1% ¥4 (GHL,)2 whehsi h igdreiitdget fbaryto 30h asmpdiprifarably from about 1
cation. In another preferred enbodi nent said '
to abpwbbhondrial |y targeted conmpound according to

invention has the fornula P(Ph)3 +XR/'Z wherein X is a
In somiei pratigplasyppreferied embodiments, thediniing group X is an ethylene, propylene,

butylene, pentylene or decylene group.

In one particularly preferred embodiment the antioxidant moiety R is a quinone. In another
preferred embodiment the antioxidant R moiety is a quinol. A quinone and corresponding
quinol are equivalents since they are transformed to each other by reduction and oxidation,

respectively.

In other embodiment the antioxidant moiety R is selected from the group consisting of vi-
tamin E and vitamin E derivatives, chain breaking antioxidants, including butylated hy-
droxyanisole, butylated hydroxytoulene, general radical scavengers including derivatised
fullerenes, spin traps including derivatives of 5,5 —dimethylpyrroline N-oxide, tert-
butylnitrosobenzene, a-phenyl-tert-butylnitrone and related compounds.
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is an antioxidant noiety and the |ipophilic cation
represents the triphenyl phosphoni untati on, as shown by
wo b@ogester al fornula X as a Unking group nmay bBCHEP2005/053338
carbon chain, one or nore darbon rings, or a
conbi nation thereof, and such chains or rings wherein
one or nore carbon atons are _replaced py. oxy gen . .
In a(fpgheripreferred embodiment the patioxifdant olely Bisiiaaam Eor grvitepn E
de'%W}QFS or amdes). Wile it is generally preferred
TYHX™ t he carbon chain is an al kyl ene group, carbon

chai ns i ¢h i.ncl ude .one .or. nore d l. [ .
In ot breliared PR 114 uosicBRe e PRl Rar e Bgfoxyanisole or
butﬁht%&hb&%kyﬂﬁlénéfe carbon chains carrying one or nore
substituents (such as oxo, hydroxyl, carboxylic acid

In sgfrl fgx?lgég?ﬁ%g@?lgét H ht the RV AR Rty ROfePreibiis a @BAVdtEed

es se fromunsubstituted or substituted
fulledes:| , al kenyl or al kynyl groups. Preferably, X is a
G -C30, nore preferably G -C 0, nost preferably
In sbihe GhftichRilyprefehiad ambiiafeatsahé yntiokidamt Oy R, is wide¥ €i n

cimas oy Dl Nefil, % DDA SEARDeRAAE: PRIy H LT Ratp and do-

riva‘?i@@@fﬂ]'\gfggfit& the linking group X is an ethyl ene,
propylene, butylene, pentylene or decylene group. In

1. a i i i
AR G P s L e
anidnserefirined ifbanorgliowi édoygdnic aciduiSnohble naygimoaddsard, for exam-
ol ok 3o S ehoes S B el G A G phospho-
ric %&;@%ﬁﬁ&bﬁ%ﬁm} Reidd 6 fof BRs18RARb dxk B, PhbsghenfbaBilfonic or sul-

ety Ris selected fromthe 'group consisting of vi
fantiaadids, Foramxamplet avetio adiddopieniciagiss octeheic acidy deeneig acid, dode-

anti oxi dant.s, .i.ncl udi ng Jbut yl at.ed_hy.ds o j R TIY
confihayt DGO bt g i gl B PRI BB i, potio acid
subbAE haidl] 281asteddid, dhdlRedid triatit abids citriiacid, tandps atids Isuch mggtu-
derivatives of 5,5 -dinethylpyrroline N

ler |, ,of 5,5 - . 0X| ﬂﬁ .
tamiceacidh of apattiorasich malsie aeld, lydsoarmaleie @pid. @aﬁv aleicskid, cyclohex-
t . . Y e
anef Rk HFE ARSI Aol Bl hEN e acd, &
amioéaigilic &cideptithvediciacil, phenytacetit ecid pmaddelic adideciboathicenid, alkane
t he antioxidant noiety R is. butylat dr oxyani sol.e .
sulfypic i 46D 68 ARG e IOR G A Erbyfhy pReRuit i€ acid, et
1 i ! iBdich a¥ bétpRhesiHbRICACR, 2-
o, RS R B B T el
naphthalenesulfonic acid, 1,5-naphthalene-disulfonic acid or 2-, 3- or 4~
methylbenzenesulfonic acid, methylsulfuric acid, ethylsulfuric acid, dodecylsulfuric acid,

N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyl-sulfamic acid, or other or-

ganic protonic acids, such as ascorbic acid.
In one preferred embodiment Z is halide. In another preferred embodiment Z’is bromide.

In a further preferred embodiment Z is the anion of an alkane- or arylsulfonic acid. In one

particularly preferred embodiment Z’is methanesulfonate.

In another particularly preferred embodiment, the mitochondrially targeted antioxidant
useful in the treatment and prevention of liver diseases and/or epithelial cancers has the

formula
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fullerene. In some particularly preferred enbodi nents

the antioxidant noiety Ris a 5,5 - dinethyl pyrroline
WORM@KI00E59 t ert - but yl ni t rosobe, nzene, PCT/EP2005/053338

a- phenyl -tert-butyhiitroneland de rivatives thereof.

Preferably, Z is a pharmaceutically acceptabl e anion.

Such pharmaceutically acceptabl e anions are fornmed

fromorganic or |norgan| c a |ds Sui abI e |norga |c

cinnam ¢ acid, al kane sulfonic acid such.as met hane-
inajuding hi serevisofrens thewof wher2inh/ds e phamirsertically entaptabls anion,

prefea R ThieGoihind BrmeS i herfipn MIsREL O C acia

-narhth i sul foni.c aci , A4- .
In %ﬁmm&lm%rﬁégnhﬂd%a te the apifpe %H’é‘fﬂﬂj\g’éﬁqgfﬁﬁi@g%éﬁm useful in the
tredtinBd 2hd ﬁfr ehﬁoﬂ‘ oF &seaig@ﬁ&%bﬂ(ﬁﬂé fo4hé favaktich has the general formula
N-cycl ohexyl sul fam c acid, Nnethyl-, Nethyl- or

N-propyl -sul fam c acid, or other organl C protonic

whereif Brish pyarﬁtacefﬁblallss amptablﬂmﬁgls prﬁelgbb'ajhaﬂ@gehem’eis An indeger
ﬁor"nl\6 %O%YiegchES"{ is independently selected from groups, chains and aliphatic and aro-
matic rings having electron donating and accepting properties, (C), represents a carbon
chain optionally carrying one or more double or triple bonds and optionally including one
or mote substituents and/or unsubstituted or substituted alkyl, alkenyl or alkynyl side

chains, and n is an integer from 1 to 20.

Preferably, each Y is independently selected from the group consisting of alkoxy, alkyl-
thio, alkyl, haloalkyl, halo, amino, nitro, optionally substituted aryl, or when m is 2 or 3,
two Y groups, together with the carbon atoms to which they are attached, form an aliphatic
or aromatic carbocyclic or heterocyclic ring fused to the aryl ring. More preferably, each Y

is independently selected from methoxy and methyl.
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I n another preferred enbodi nent, the mtochondrially
targeted antioxi dant useful in the treatnent and
w@e@emot7son of di seases according to the i nvent@DRPINAT053338
the general fornula wherein3zZ" is a pharmaceutically
accept abl e ani on, preferably a hal ogen, mis an
integer fromO to 3, each is independently sel ected
ﬁﬁwﬁ#dﬁﬁ@ChUana&ﬂhﬂﬁgﬂQﬁ@wé¢m®ﬂﬁﬂm@ﬂand aro matic rlngs
havi ng el ectron donating and accepting propertie
In a(;ﬁ)'umlﬂzaf]yrmsﬁuuted embodinbent, théaiilechyndrieln target@@amt;qxn@nbmordlng
triple bonds and optionally

tOt]i‘erﬂE‘V%Hﬂ %&@Fm%r e substituents and/or

unsubstituted or substituted alkyl, alkenyl or alkynyl

|man‘t argeted antioxjdant.

wh@t@l@e% ds a]ghqraﬂaﬁﬂélcalﬂw eﬂiﬁepfahlem% Reeferablynrrefgresdde Yezin as "Mi-
1 e

toq,uﬁ}og Bpgﬁ ?Rﬁﬁ%& Gl bYme cpfd %@m @YIféfEn?{he lﬁﬂ.?(fq%‘hﬁﬂbbf Ble formula

Fein as X1 di zed
is afqnimne)‘ refdm:dcto impreimab "MMiteQeinond"h e nixinwpfivagring amowts of Mi-

fornul ui non ferr, Q herein as
toQum@a@M% neAsm?%Ff‘?S’re E’E} fng anounts of
M toQuinol and MtoQuingne is referred to as
Evenyaere nsefarablye the mpeghondrially targstad e CP%fnda’&t@dh% invention
ant according to the invention has the formul a
has\/\ﬂ‘"t rogllkﬁnhﬁt he pharmaceutically acceptable anion.Z is

wherein the pharmaceutically acceptable anion Z~ is methanesulfonate. In this embodi-
ment a mixture of varying amounts of MitoQuinol and MitoQuinone is referred to as "Mi-
toS".

Further preferred embodiment according to invention represents the mitochondrially tar-
geted derivative of the spin trap phenyl-+-butynitrone of the following formula
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compound conprising at | east one sel eni um atom
Preferred classes of sel enoorganic glu tathione
wp@ereniiisase m netics include benzi sosel enazol oPEFEP2005/053338
diaryl diselenides and dianyl selenides. In particular
the gl utat hi one perOX| dase mnetic noiety is referred
I :

pr y
refmmi‘wrlmtdlyas"MﬂoBBNl’n a further aspect, the present
i nvention provides a pharmaceutical conposition
In siothetlimbollitent aedtdingto the diventipn ﬁmhyitaoﬁoadﬁéll)atmtddeamtioxidant
suffening fraomliver disease and/or i thelial .cancer

@Fhl@mﬁr% © INmetic speh e ﬂlfg cgmpound, i.6. an organic
corg?&ﬁ‘ﬁ% |a¥ 128 GRtERnRMA hidH. @?éférré&?él%sgé Hkelobf@nic glu-

esent |nve t| on in conbination with one or nore
tatlphm paxoxidsseaninieyics inbpledichzisesatenazienes; didiyl diselenides anrchdiaryl
1 for exanple, physiological saline solution,
s€ ﬂBﬁHﬁsneral i zed water, stabilizers (such as
b- cycl referabl inratjo 1:2), and/or
Iﬂgﬁﬁ}?‘éﬁ‘ﬁg qWTﬂ‘PB?P@P?W’F@FW“ﬁWaFn&ceUt ically

acceptabl e" as used herein pertains to conpounds,

l e the s
refeireB & Rétci@RPEbEIE (whenﬁr&n@é[hpgosemm @r).s of the
formulation. In still a farther aspect, the invention

Preéitd GespoimdPbinae lﬁ%nilma%»th@fom hyl axis of a pa

tient suffering fromliver disease and/or epithelial
cancer who woul d benefit fromreduced oxidative

wherein Z is a pharmaceutically acceptable anion, preferably Br"and L is a monosaccha-

ride.
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ally targeted antioxi dant as defined above. The term
"treatnment” within the neaning of the invention refers
W@ 2008/00376at ment that preferably cures the patiBCI/EP2005053338
at | east one disorder accondling to the invention
and/ or that inproves the pathol ogical condition of the
patient wth respect_ to one or nore s
Onexpasterlaleprefirred embodimerd perording o fven %\‘?Ps]ilaé rthe formula
short-term (in the order of hours to days), long-term
(in the order of weeks, nonths or years) or permanent

whcirm A g¢)n;aa}g agéliedpas g&‘ve”%v%e e% %H\IX{ 1'p9ef$1r ﬁltayt@%f‘g Ath is

n ani ma nary
ﬁoﬁggblzq,)aiﬂogmpr)gfemmym 6h sone desi red therapeutl c
effect is achieved, for exanple the inhibition of the

In mﬂﬁéﬁa%ﬁe&fthb B@esemﬂwnh@ﬁ providksiaHatdgsutical edmpbslﬁdm suitable
he rate of progress, a halt in the rate of, progr

for anamm and/enprophyllarés efmpatienbsuticaing fram Livesrdisease an or epithelial
cond 0
cnf S g A SRR PSR ot nfonien
acc@t(ﬁﬁg tol fHe pdekeN invantion mmﬂ)ma‘tmtmﬁnbme mmbﬂeq:hapna}su’a‘vély ac-
nbi ned, for exanpl e sequenti al or si hult aneouys!y
cepPIARTS Oh ieents BASoar CEmEasBs Riogical SR, dgmineral-
1ze& @afé Ss@aﬂﬂ%!t‘éjgﬁ&l as'p- @%lmwﬁ?%ﬁbf}gntrﬁld 1e),iaf¥RPpidiinase
e carried out In a conventional manner generally
mhihﬂom to the person skilled in the art, e.g. by neans
of oral application or via intravenous injection of
Thd RemPprdarimcaiticaltyhcoeptable bt usudsheasin pemhmsgtotqmmpmgnds mgred1ents

ke S A e
jud Qﬁtwﬁﬁ&!bfégll'o? ale ﬁrcgﬁﬁ%ﬁﬁ' tHeisS@dslorehd 51)!5{6%§mQ{uestlon (preferably

pefl mental ani nal s. he dose ratio ween
humm) rvaﬂmm excessive nomcngz, mﬁtfaum,sﬂlagm tespariserofeéhar ipeotlerg @ com-

phqgﬂgp,ﬁ:ggtgﬁ%sﬁ% ¥?ag)t|ﬂ%b Wa&% E’P% arner diluent, excipi-

enttette nRREMbd Be "e[&@@tﬁﬂe’%&h@ﬁ@%@bf Bélng zﬁmpanﬁewm:sme diker ingredi-
adjusted to the age, weight and condition of the

ent§ f |f@maﬂatm| ent to be treated, as well as the route
of admi nistration, dosage form and regi men, and the

In stitisafurthdeaspeaidithe amntion provides aa@@h@cb Stherapyl oppropbyjpxis of a pa-
t1ent% euﬁ'gr'inegr ﬁrz)mehver &sga{]sg aRAARF 51')1%heﬁa cahcer who would benefit from reduced

oxidative stress, which comprises the step of administering to said patient a mitochondri-

ally targeted antioxidant as defined above.

The term "treatment” within the meaning of the invention refers to a treatment that pref-
erably cures the patient from at least one disorder according to the invention and/or that
improves the pathological condition of the patient with respect to one or more symptoms
associated with the disorder, on a transient, short-term (in the order of hours to days),

long-term (in the order of weeks, months or years) or permanent basis, wherein the im-
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The actual dosage depends on the nature and severity

of the disorder being treated, and is within the
wale@enet’son of the physician, and nmay be vari eBCDEP2005/053338

titration of the dosage toléhe particul ar

ci rcunstances of this invention to produce the desired

therapeutic effect. How ever, it is presently

\ [ I . .
provesnens epthgtnatholagieal Cﬂ'ﬂfﬁ"ﬂ%@éﬁ{bie @gpst@gnagsgepﬁlpg,rgecreasmg, continu-
0 | Si . f he . .
ous§E R A oS T i by RGN ok B sigyian
pro{émént @i thetsythplorhocohffhredywith a contrd] patiefter red from about
0.1 to 10 ng/ kg, are suitable for thera peutic

Furltef 3hdRth StrbRnfd@iralk dked Rersini ih @t cdntkxs of féatingdiver tissases and/or
compound according to invention is in the range of

epithplialcanrers prytains seBerally toteatgependitherapy ahs Buggn aransimal

of. the . j , e. trea . . i .
(o8 RGBT el o WiEh Sohmf BbsiRher R il achieved, for
exafPiate Snhisitiotl @Y theArogresssfabe conditioms mhd inchides & redvetidrainrthe rate

i nstances, _be obtained at a %(ésage s,lowas 0.1 n{E/ kg
of pragressy a hald ins the rete of pyoggess, am F%’g’"ﬁ%ﬂ‘aﬁ endifiqnyan( gure of the
con(Pﬂt%&er red ranges are fromO0.1 ng/kg/day to about 10

ng/ kg /day i.v. and from 1l ng/kg/day to about 100

[ ke d Q..  Fur . ' | I .

g RS Heiiefe Gra ol 1 ERE R idr o o o Pand there
pieih Ghivh tR0TR hote SreMeatsiriieragies are eombired e bxdmpla sequentially

treat nent and/or preventjaqn of liver,dise s .and/ or .
or pRl#REPRRlY. HEHEIENLas 4 RIORLY &SR TSI SoRIGRPEExiRns fjso fypluded.
the prior_art of mxing or dissolving the active
Tregoranb aendrding fp thaiinventien panbaersded Putdn acgpygngipgal mgpogr generally
net ' p, of i nqi ' . i at i
TR 3085 5§ o o G BB g onou
injeRtiofof the phamsontical oompokitintsaccdrdingdo eredhvérton.
formul ations according to invention are prepared by
Thétapdubic EEfcasy nd fb&qdit?,: € YEDX i angiLT | miypbadatemniatd bysthdard
active conpound with carriers (e.g. liquid carriers, .
pharmpealggienl preredutes in eplberiures;or cxPRITReRIR! @Hﬁﬂﬁ-ﬁ'@lﬁt e ratio be-
o B Iyt RGO B DB BRI ) bhsar
ratio LI%}h/BDda Phaphacoted vdmpaditicresxhat ekhibit large thoraprutie indexes are

Handbook for Pharmgceuti cal Additives, 20 2 e s
profiare £ dosagnusype AORSEAID (o SRS TYCIERATAY gRERERR L individua
pat%?%%teﬁ%&soﬁgﬁ REtHe Qotd Df haMBIt#a80n ddaged@ih \4al rdtden, and

vitamn E, coenzyne QLOor a gl utathi one peroxidase _.
theresmittdesiredsrayd the exgettdosagesbould of eperise he determiped py thegractitioner.
known processes for naking those conpounds descri bed
Thé #cteal dosdgds dp@ilk ofi 3k natie and severity of the disorder being treated, and is

within the discretion of the physician, and may be varied by titration of the dosage to the

ek

D

particular circumstances of this invention to produce the desired therapeutic effect. How-
ever, it is presently contemplated, that pharmaceutical compositions comprising of from
about 0.1 to 500 mg/kg of the active ingredient per individual dose, preferably of from
about 0.1 to 100 mg/kg, most preferred from about 0.1 to 10 mg/kg, are suitable for thera-
peutic treatments.
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99/ 26954 , WD 2004/ 014927 or WD 2003/016323). It wll

be apparent to those skilled in the art that various
wore@sH0Tsd | ons can be nmade to the conpositi onsPCTEPINOEES3338

and processes of this invenfion. Thus, it is intended

that the present invention cover such nodifications

and vari ations, provided they conme within the scope, of

In geperah pysuitehdel deseatthe agtiye cpppundfeqrlingodnveation is in the range of
abo@ﬁ? e%a{o a%ﬁét fﬂr()te rﬁg lpgfefafdg?a'rg rb%d%%ﬂh@ Pf fk %gb &t th I‘B@ 'nreated per

I'es nce ctrcally as ess
dayl npact of mtochondrially targeted anti oxi dant s e g.
derivatives of vitamn E, coenzyne QLOor a gl utathione

ThPRH¥ infbAsdedfniE BeCadniflisteh@l flohe ofedvierdl iddéages pereﬂagnm satisfac-
of liver diseases according to the invention,

torywesulbeatie inoferiaisy inHGNessi %@bt@lpﬁde aeq dosage ag oW 8. 1 mg/kg intrave-

no QIR 8 g GBS ), SRR ey 8 ok 5001y o
aboupio ﬁ%ﬂ@ [ahy Ly t&ﬂlﬁ&inﬁeﬂ Oﬁg/kgd@nw abotdt 100 wpike/dhy p.o.
including but not limted to ballooning of

FurfiRBAbRANE R¥entidl fERidsA0 11 manHRAGR of eddadaii®nts containing the anti-
internediate filanment (TF) network, reduced density of

oxidans chuspeirids apordingdo prventionceses imvthel tesaimens gnd/er pmgl}ﬁon of

i SRR FAI BB R BBk Sy v prir

mixasgion dissdVingy tHe adiiscempsoundiwith siuitabletpharnhaceutied] vamiers. Such
W th these anti oxi dants, i s eval uat

tﬁd éé Exanpl es g atﬁd .
met:l;l)) s ipglad TEINEN{OASSRGIRADR T a¢HNE; AGAPBRD BA afgTrier
fi Qf)fﬁgﬂg&%nb o P& a&'}ésﬁ)&r ﬁx:gi'é?héﬂ?é P | exfe@él't%‘fdﬂnhﬁtibﬁ@accormng

ungi static antnicrotu drug grrseofulvin (GF
to mmnpby argereparedie nhiformly and intimately bringing into association the active

h b 4-.di hyd LLidi
congeva G SAGELEE M e B o B i
the Eoduct1 %Yeces%aryl'ﬁﬂlﬁlﬂé carriérs, (ﬁﬁreﬁ%)and Mﬁ&pfeﬁfsﬁ;ﬁbcﬂ afthe @fesent in-
e i nduced i n nouse |ivers by feedi ng 0

ventioncan b¢ f:gmduvestap@éé psaRsewice) teHSt(squth%!@mi% rﬂaﬁébook for
d
LA TR Ao £
an| rra}gsagtand hunan I | V‘jﬁ’gﬂ @Vﬁ}%%@%@g 2@?&@% oﬁmfa{n‘ffE coen-

zyrﬁB‘ Q@ A t@h&% hRrRlida8s mMdktic,abayt beesyiittesieBd Acbordibg to any of the
injury caused by acet al dehyde and _free fatty acid

lmmm@@desgpémmgrtmsefcéamm QeEﬂFréwérm e:gsUS 62%)%‘@5323 wo

il ot o GRS, 00 N, >
A S A e

cori;wéltibhe Fhé&BbdsCaanReddsécs of eis M¥entivre Thas, it 18 iimehded, that the present

invention cover such modifications and variations, provided they come within the scope of

the appended claims and their equivalents. All publications cited herein are incorporated in

their entireties by reference.

To practically assess the impact of mitochondrially targeted antioxidants, e.g. derivatives
of vitamin E, coenzyme Qo or a glutathione peroxidase mimetic, in the treatment and/or

prevention of liver diseases according to the invention, the presence of morphological al-
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if not identical, to the alterations found i n human

ASH and NASH (Denk H. et al., 2000, J. Hepatol., 32:
WGB6/0029 . In this context it is noteworthy tPE/EPIN&053338

mouse nodel s for al coholic18iver di sease based on

f eedi ng al cohol -containing diets reproduce the distur

bance of fat netabolismand, to sone dgﬁree

teratians suehws inflenypataniheeds Atund the prstal veis (Glissonz frignkangsthe degree

th
of t*eg?tﬁéﬁl Efnggé dl:legrY)E S&)?llag cgwgk%gtr?tﬂ((%ml P%Mfé Pémcludmg
but &Bﬂﬁm{t@ﬁﬂ)@lﬁ)ohmglgéhé@odyﬁm ftﬁinla‘gtoﬂ of:zadm:ln keratireintermediate
ear cytoplasmg¢ re tect
ﬁlameeéé Qi orwork sedised derdivan thekesin B and et g, Dalgmyodies
550?15% OHE BF e s@ %g&n’f‘fF KRR LM doaREfom in various

S alni ng | rmuno uorescence m Ccroscopy st andard
inheritbd anlb aceuired Hiverrdisdasesawithion avithSM tritrhenti widhe these antioxidants is

ain r6 0 n (Zatl oukal K et al., 2002, AmJ
evaggf fé BTE’S‘ZSD% “2"?9 63). P62 has been ori gi naI ly
identified as a_ phgsphqtyraosi ne-i ndependent

The merpbpiogisghalfaratigns @@év@agl\@ﬁ% CigbooBipSRIE ARiEe By chronic intox-

T

3,5gﬁeth<|s| )q#ganbohyel hé- dpi@ﬂmdmllidme ﬁHDC)J(Mr%Sk 199$p bals dnyaest.: 773-
' 2

TRl TS M GBS e
moa_se lﬁkrs%y fezc?iﬁ%ﬁ’DI?Cf’&PGFchhﬁﬁﬂﬂngJeﬁ%e Eréfiple 13.46is assumed that

456- 46 weeks of recovery fromintoxication,

the tomh‘eYQimIg insinsed by theamethplspdisal ig éhetoanmsen pathegametie principle in
chforr?\/%i—?eé{ allr[u%g § géﬁ IhwgngP %1&#@ w1ﬁn?)§§§'sd§ g\@?%l? r@i}ére rffeg]}é‘cﬁ&ﬁs pro-
ducd@ SRy RABDme P4501B6diatke okiaNAD sﬁ&hmﬂ abk-well a@lﬂﬁ mitochondrial
ln_]lgjlyjf ggsgg%y Zgég]rg;]? %;ear WI :fgtlﬁ}p ac21 gver hour % al( %ﬁplggs &wber C.S,
20@”?61@%%?01“ 95 Rl3L. OIg. PUBBH, e ER P%'M@&' 94:1281-1231).

reted - in ana gytéa ergl reactions - as a
V. i
Fur e P flac deehred Bk BY B oR O o oBE e dferdidfs of the IF
ker@tﬁn gbskbwt(ﬁgasﬁ\ﬁél}j@d stm‘cﬁfre aid cliemied cbinpesitige sf MBsRBECvery simi-
i nt oxi cated mice |iv rs a ol .
lar gf setjdeticaln forthe altergtipns fp @oééﬁl Eé‘f"eﬁﬂ epih- et al,

10T 8 e e

for aicebelicelivelr didetseasetboén feeding alcohol-contammg dlets reproduce the distur-

o O BT P e bAoA ot e

alte%ﬁdﬁ%f fHaNRratin IF cytoskeleton and do not lead to MB formation.
- (4, 5-di et hoxy- 2- net hyl - 3, 6-di oxo- 1, 4-cycl ohexadi e

In (E,e[tg;he) @%@gr(ﬁggﬂgie@oxy@em%ﬂmg@me byphalig Yodated in

the perinuclear cytoplasmic region is detected in tested mice upon 6 to 10 weeks of intoxi-

cation using routine immunohistochemistry (such as heamotoxylin & eaosin staining) or
immunofluorescence microscopy standard methods e.g. with the antibody SMI 31 directed
against p62 protein (Zatloukal K. et al., 2002, Am J Pathol. 160(1):255-63). P62 has been
originally identified as a phosphotyrosine-independent ligand of the SH2 domain of p56',
and as a cytoplasmic non-proteasomal ubiquitin-binding protein (Vadlamudi RX. et al.,
1996, I.Biol.Chem., 271: 20235-20237). A general role of p62 in the cellular stress re-
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tetranet hyl -2H 1-benzopyran-2-yl)ethyl]

-tri phenyl phosphoni um brom de), respectively. Tested
WOnR@e/00E6ei ve i ntraperitoneal (i.p.) or intravRCUBER2005/053338

(i.v.) (tail vein) injectians conpris ing the

anti oxi dant conpounds according to the invention, e.g.

Mto Qor MtoVit E and these mce are conpared with
sponsshis dpliethfinest pad Gprassion inineweasediy & vasisteasttesystignglh particu-

larlg ﬁ%{d&%’% %‘Esggﬁi’ﬁ E'?Sttnaﬁ'ie ?@% %ﬁ%cgllﬁ#ﬁgf?ié)il%%sﬁ geg Comm,, 226: 456-460).

A& aREe riaves Hammilonanegon thas Bitrpiit S Pepetoes e 43R of cyto-
pladrdicGepitRYEERXNE Hubstill CBRIAIMNY sall remnants of MBs at the cell periphery
nmet hyl phenyl ) decyl ] tri phenyl phosphoni um net hane sul

in dssovaationamith déstmeguines Abmice are reexposed to GF or DDC, numerous MBs

10- (4,5-4j XY- 2 et hyl ~3,.65 db o+l r4- cvwcl.ah i :
reahpelt g 4 (R P BR B oot e TRl PTG 8. mhis
entithéedMootmatidnSo VIBR uf o feigieixit stidn Wadlintsrprefods € anblegy to allergic

determ ned by neasuring water or liquid diet

reatinns urpstd towicapemeny efechei ght (Smith R A J. et al .,
2003, PNAS, 100(9): 5407-5412). In a further type of
To exaleatk therimpacipfdpansioxisiaats ageording tatthadnyention ariegighsion of mor-

i.s .si.mult | t i th i oxi . .
oo SeRh e By sbRCH DL ARty apgptive con
troBerb@p 6f AaMalsqBdo Aidays Hosiee tparas DDCanbY i sarhpagedtoddDC- or

exposed for 3 to_ 7 days

] $ ) to DDC or .GF only anpl e ) )
GF3ytorisaied snine froated fosfiuahasdrip ednys withieoe. Mlta»éﬁiamsmre of MitoQui-
o) RS 3k 2 e L RRLH R bty o
midtrdndBMﬂoQtTmo{iﬁ alﬂi.‘-(%gmmi@szdthy;ﬂr;ﬂ_}dbr{eH?-bydl?gaxadien—1-
ey Tisianaariphoszesie tigmids) o MNGER LS S b gld i Biges 25,78
tetfhlefp)-2HE b gxl%f—’z-&ﬂéthﬂ : lpﬁssﬂhﬁﬁimhﬁﬂéb, fRpéctively.

around the por vein (disson"s trias) and the

Testethmie redeiveiptraperitoreali ipegw iswavenaes (aor(tadl win)dajertignssompris-

. cytskel eton (see Figure, 2.,a NS .

inglhg Foiidat kPR aftobithe kf R B allighi 1ok 3l B oriliby iR, an

theb®mikelaRé BdBYFROSE With vieRiclDajctedontroEmie (PB8aupplemested with suffi-
conpared to' the appropriate.controls (Figures 1 to 3).

ciomdPMSC 1o meiaiaimsrinbility-afamiieridants) 2Addther aproprate coptrolgice

(EI%aﬁ'lptié1%se experiments due to the fact that they are not
ormed"within this short tinme exposure to DDC to a

I [.Sti i : .
rofff55% k0 B MR bl 9 P Ao 3Ry 8Y9t8hino 10
(3,6-CiHysRt £ 8- diviethbx gD e tiflphanBiesydshenglptiesphdninyn methane sul-
sinusoids is again visjble. The rmr|c3>hol ,o% ol ttfeh .
forgtepndddijeQainpae Hér(e3-dimethoxy-2-methyl-3,6-diox0-1,4-cyclohexadien-1-

yl)decyl]triphenylphosphonium methane sulfonate or MitoVit E is supplemented to the

{

diet. Doses are determined by measuring water or liquid diet consumption and mouse
weight (Smith R.A.J. et al., 2003, PNAS, 100(9): 5407-5412).

In a further type of experiment a group of DDC- or GF intoxicated animals is simultane-
ously treated with antioxidant(s) according to the invention (e.g. Mito Q or MitoS) for 3 to
7 days and are then compared to a control group exposed for 3 to 7 days to DDC or GF
only (Example 3).
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regardi ng size and norphol ogy of the nuclei and
structure of the cytoplasm Furthernore, the nunber of
WO pdob/aosTed ory cells (e.g. neutrophils, |ynphocRtBEEP2005/053338
phagocytes, macrophages) i 20markedly reduced upon
treatment with antioxidants according to the invention
(Figure 1 to 3). In long termexperinments by using, )
In anothsr Bettof gkperiraents thlme ket MitoQds sigwilianqoysly gived) intraperito-

nce - ab . Of I I ' r .
w55 DR, ASRERGFIGL P Sl 0 AP PG00 praical
assER il (HEsS SKbraRimeapRaneats etiphdtof adtichohdripllytmgeted antioxidants

animal s (Example 3, Figqures 4 tg 6). To determne th
accrding:fo the _nwgg@l rf Mm% anMitoSh therfresenee,tqrahtengrlnidptlamma-
| . \ .
oSSR e GV LSSl bt PRSI age s
as 1fosix céHapse obpaadkiletdny(sed Bigtrerl arel 3)ansseadeoficefl batloéning and/or

tail yvein) injectiops.conprising the I oXi, dant .

N e P 5 1B BebBelS 9 i, oty ar
col P 2o il ol BBV Bk pnig manadry
bodigrmare pot suited dothese eipsrifnents dBg snthiedad that theyare aet foengd within

o i 55 S RO TP R SR bR
IR e P A e —
cyt 5drat88 by Qﬁhﬁ&ﬂ@fs‘%g%ﬁe\ﬂﬁiglg?@hé i%rﬁh@ﬁdg? oFttiad Rdpatbeytes is normal

according™to Luna LG, 8, Manual of Histologic

regaudingdireandembipliology of the micled dnd-siruchure of thej aytapdasgt. Furthermore,

Pat hol ogy .. 3rd, edition. MG aw. Hil Y .
thegagtgs SE e Gt oy SOt hGs, Phopy G -
phdpesh i6 Sakiedly RAhidd vpdd Yrethdnd withenbibkidthts bewirditlg anihedieention
in’‘toxicated with when conpared to appropriate
(FigwatliteB3 (Exanple 3, see Figure 4 to 6). In further
set of experinents, MtoQ MtoS or MtoVit Eis fed
In Joog térmecxipatinenis by awinggnicg intoxiggedwith PINC tfor SO weekerthe pres-

1t hei . .

endlgt bt O, O MR R 0o M@ o

treatd hriiiialhail HéLImined efditdtgpdred tvith thewumniol groups of apimhls¢Bxample
tomce for 6 weeks of DDC- or GF intoxitcation

3, Figuresvel® @y si nul t aneous treatnment with MtoQ MtoS
or MtoVit E for subsequent 4 weeks by using 10 to 50% .
To determine thmefifest of thescantioxidgats in theNraagragnt pnd/esprphylaxis of chronic

livéglr%%a&&lgf(fi%%?e% %515 \éﬁftﬂeliaflgaglcgﬁ LB8h 6 Wiekd'ofBYxition with DDC or

GF, respectively, test mice receive ip or i.v. (tail vein) injections comprising the antioxi-

dant compounds according to the invention, e.g. Mito Q, MitoS or MitoVit E for subse-
quent 7 days, and compared with vehicle-injected control mice and other appropriate con-

trols (see Example 3).

Alternatively, after 10 weeks of DDC intoxication, tested animals receive i.p. injections of
MitoQ (1.25mg/kg) twice within subsequent 7 days (day 1 and day 4 of the corresponding
week), and are analysed by routine histology (standard haematoxylin/ eosin staining ac-
cording to Luna L.G., 1968, Manual of Histologic staining methods of the Armed Forces
Institute of Pathology, 3rd edition. McGraw Hill, New York). The degree of cell balloon-
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animals intoxicated for 10 weeks solely with DDC or GF

(see Exanple 3). In another set of experinents, 10
woe@k/003159Xi cation of mce with DDC or GF is fepdT/BR®ds/053338

by 4 weeks of recovery. In2this experinent it is

further shown that the toxic nenory effect (as a

_ result of reei(/gosure to DDC or GF intoxication for 24 _ |
ing end the miobes pf Mallpwidensas is ereatly reduserhin thy MitoQ ireatedbaimals in-

tox]fc%%@%?n&lgﬁp : tﬁeélscg_ﬁﬂ.&)%égdt? %gﬁrgﬁggﬁgyﬂg{g?lf }éfg'é@g 3: see Fti%uere 4 to 6).
I it ot iog; Ve o i Bof R oaties dipyied for s o

10 Wbk BDESoll GE# R drifkihg Wité ol ibseqeal & 14 88ys (Example
maxi mum t ol erated dosages of MtoQ MtoS or MtoVit

3). E, respectively, and then is conpared to a group of
control animals being exposed for 10 weeks solely to

In SORE othier Gkpdrimentpthe aBjioxiddntes) aetording o thedavention aretapphied to mice

f e g. 0Q, 10S . or. M.toVit. . Ewthin an initial. .
for Barssho5 DDEF o6 6 Frbonieetit Fufovied g iteptalF wtenlieify Mitod
Mitg$ of RN R Y Ssudbeduehdiveals By usiigt 10 183090 bf flaxinhie tdtérated

treated mce are conpared to'the control aninmls not
dostgesatf Mitd, MiteS anMitoMitFrespastinely sandcompegast with gentrybgroups of

anihly B RO oo SRR G o Bf of FectRlapfse S5 (<)

In gt E5tGh RS A1 SE-BrEr] of o g HDRCH G 3Bfiowed
by DEREEODIECVRR). TR 1 Sberitieht R GLfukthbPghowCthatIhe Rikidiemory effect
m sfol ded proteins and MBs in liver(

f ;
(as pmesultiof aeeaposume taDBC orHel intexdgatiqnsfor %gﬁa %§) ig ;f?jg;%(%or abol-
.. 1. to0.6).d Lrat t_thi: i
ot b A TRt Bl

. ne g 4
To Pyt Bisoptizede faet o T R GRLla P et 8o the
inveRionC Bt bEDIDT dr (GINTel nflice NASHed sinfsHlanéuid tieamidnde.g. with 10

powerful “in vivo and in vitro systems to_study the |

to 300 of the maxitum; talerated desages afdvlitgQ Mites %M&\H@n@smnvelya and
and vitam.n i . t '

thefiotinafli gyl b fogiof BRI ol BRRAALP YO $1oBls slely to DDC

or@F(’EiHi‘ﬂlIﬂéSB)i of human patients with |iver disorders
according to the in vention with these mtochondri al

ALERAGRIE i@t chesTeSe. MigdD,MVRES bf MitoAULE evithiny & initial recovery
pat hol'ogy and t her eby Ugr ovi de_therapeutic and/ar |

perpoddphd weeks is Teliqwaskisy subsequent :tordrioursef infogication with DDC or

GFfj\%flg‘fein treated mice are compared to the control animals not treated by the antioxi-
dants after 2.5 months of DDC- or GF exposure.

The application of the antioxidant(s), e.g. derivatives of coenzyme Q, vitamin E or a glu-
tathione peroxidase mimetic, provides a significant reduction in morphologic abnormali-
ties, e.g. hepatocyte ballooning, intracellular inclusions of misfolded proteins and MBs in
liver(s) of DDC- or GF intoxicated animals. These results (Example 3, Figures 1 to 6)
demonstrate that this cellular damage is mitigated by mitochondrial targeting of antioxi-
dant compounds according to the invention. The DDC- or GF intoxicated mice models
mimic observations made in the patients suffering from e.g. NASH or ASH and provide

powerful in vivo and in vitro systems to study the role of antioxidants, e.g. derivatives of
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In order to eval uate oxidative stress in control

versus DDC-intoxicated mce with or with out treatnent
wWhR006003169 ant i oxi dants accordi ng to the i nventPONEP2005/053338

t ocopherol quinone (TQ conrtent (Glle L. et al.,

2004, Biochem c. Pharmacol ogy, 68: 373-381) mi sol at ed

liver mtochondrl a (a tested anj mal, groups prepat.ed
coepzErs Qiomgd visapinge atéxeéreame@t arprophglaxis Of giseasss ﬁ%‘iﬁl’.f‘s%? the
mvglqig se liver mtochondria are prepared according to
ITied protocol from Staniek K and Nohl H., 1999,

g, o rapy BN SR b EAs i B oo aor @il o hein

ventibg w1th&ﬁese4ﬁ1tooﬁ6ﬂdrf@tzﬁ‘@étb@ BhitidxSdhey simlifieaglytrods@Repathology
parameters including protein and cytochrone

anddbmbsnpmdedh@amca‘@@fov prophylastic efficagyan tesatmpentgarshese disor-
deI%ehydrogenase) conpl ex Il (succinate dehydrogenase) ,
onpl ex El (cytochronme bcl) and conplex IV (cytochrone

in G B e oY I e SRR ARl g withor with
out %Hﬂﬂa’h@gy hﬁng aRtidHi@nts ARGrdMER thé ﬁﬂbﬁl‘i’oﬂ/\ﬂtddaphélbp@unone (TQ)
In a further experinental set

con@ena(ﬁngheé ehal., R0 dBiogkensic, Rizsmpeniogse 68 ﬁ@r%ﬁéﬂ isolated liver

iR ot Qe BRipeT eyl REPRRHACIRIR g0 Blokdp o MIBRRR'S) i

perforinedi mtm@hsmuver initeslicadris aroprepared scdoyding tdmblitfie@pratocol

o i B BB, s by .
Sleég ?g{ygtﬁy\ﬂ%& gfll gﬁ?nncgy%i %Héﬁﬂ% PRIRE.: 3P4, ARd (l“@q,@ntent is

an ., 2000. Hepat ol ogy, 31(
norfelijedstogeearal panenetersiineluding peticie sad cytoghnonte] qoncmaens and

a Jin I iver b&p&rﬁ@ﬁﬁn& E&&gcor di n‘gomﬁﬁ)éﬁg(;%%\éﬁﬁél&ydmgenase)

,C o?ﬁg%@ﬁﬁ( chf®d balh) ah@béniplag TV (Byt6elirofhe Rxiagd)NOyEABhese ex-
representing a sensSitive narker for hepat OCﬁ/te darra e

perinynty shawi the Blevated J1Q levels s DD iniexicaied migegghe to con-
woft g8 %;E%.”‘%g@v%*oﬁftﬁa%en “onpared to t ﬁSPcﬁﬁ?iﬁl "

U
In o ietoBs upeie el %y ECUFER e idelif s RS BRUTRY Spestom

blomxfagrsﬁfiﬁ%e% s eo WE]) 'éﬂﬁress‘icfﬂlf’tev%llﬂgﬁﬁﬂd)m By aiing tXeacts
fect of Mto reat ment or_prophyl axi.s of

derufpé EoeDDEE mmaﬁﬁgi metmteﬂﬁ%m@sﬁu$58§wg°@w fhprt time expo-
g PR BEAAE ST S aioh U SR! 61 0Bl
1 (knot@xb m&mﬂmuda b tmctiondxygen spendes (RES) nSuematdisMofind Ishimura Y.,

specific en
ZOOOpHepatology, 3 I(ESE?% 6) suggest that oxidative stress is greatly reduced in liver by

antioxidants according to the invention (Example 5, Figure 7).

Furthermore, the protein expression level of fatty acid binding protein (FABP) representing
a sensitive marker for hepatocyte damage (Monbaliu D. et al., 2005, Transplant Proc.,
37(1): 413-416) shows a significant decrease of FABP protein in DDC intoxicated mice
when compared to the control group. Under MitoQ treatment of this group of animals the
FABP protein expression is reaching almost control mice FABP expression values, thus
suggesting again the effect of MitoQ in treatment or prophylaxis of diseases according to

the invention (Example 5).
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are nonitored as for exanple, in the Actitest

(Bi opredictive, Houilles, France) that pro vides a
wore@siowsof |iver damage and particul arly fi brpST/BP2005/053338

whi ch is characteristic of 28everal di seases according

to the invention (see Exanple 6). The serum|evels of

. macr ogl obul i n, hapt ogl obi n t anyl ) ]
In anogms@qq@nma@b set{uptte |mwsmgat@mer¢ffeafp%1 ﬁngeﬁﬂé@té pgropding fyinven-

i o A 0 G 90 R G
are bloRAbRE ad T(bﬂ&hﬁlpw #0the Wﬁmlﬁpﬂeﬂﬁtlﬂb el Framk:é)ythat pro-

targeted anti oxidants usin met hods cribed
vid qscaﬁ%gq;sgre eftlivgr damggyrand gq%lg o’glgxogg, \M}gg e a;ractenstlc of several

e BRI e S pLABL B o
madrogiebislit, hapﬁ)globme W-gli&amgbl;rammmniasd tgtalf bhilirubing iapolinqprotein Al

mlarly e oyed to non ff t
and e FedrogaRee e Sesdired BB or G rdiad gt 45 core-
spo?&ﬁ%ﬁﬂj@—qort@F i%ted gl‘bg{néﬁd .'ﬂfb )@oﬁ@d f&aché Hﬁﬂo)fhoﬂdi‘laﬁ? kd#fRted anti-

vari ous teste oups fol | owi ng paraneters
oxidantt wsirig thg nhdthas dﬁsmﬂ)gé in Ptmmdi yet bi.| 3008 piepatology 38:481-492,

al ani ne- a ra rase PT partate am
follgwinegrap ﬂ}g’@tl g‘ﬁﬂ%tﬁ ﬁ%‘%@ﬁ?e dehydr ogenase

are qeter ned ac cordin to S andardfl r ot oco

AckifstgrltameRs A GUtIAR SETURAS AR UEL N EHEE , $5gR8Rl5 fibro-
sis ?é’ﬁiﬂllﬁﬁ% %&g@d@@ﬂﬁﬂﬂbﬁh@kﬁe&hﬁ t&ﬁﬁ’ﬁb‘ﬁi bPpatRhtsSeithihese diseases

['1ver e in animals (as e.g. al anine- and aspar
with antioxidantscaccondifgtodbemvestam. Fi gure 8) treated with the
conmpounds according to the invention indicates the
Altéraativdy, an serfiml frovavadeusigsted anisat proups ﬁtlhﬁimpp‘am@temdlcatmg

hve@fsi%'agﬁ?s il BlubiS atenite gt grasn AL KO BT, Grparfy i
?i*ei‘ét%& E ASRE/ @m‘;%& lgRitarRite "d@ﬂﬁirbg’&la PR@eRSmined ac-

for exanple, em ploy dihydroethidi um
cor(illﬂglEs) standsirdh prcgocmﬂs 1m ohmcabé:ggmqsﬁgs graplgyingreomupercially available kits

EERBIA S e BRR ool e bailts (Rlp £alanine pnd aspar-

tate(ﬁiﬁﬂﬂﬁﬁfd?&e@tse@ Flgll_lré:!;)e@ea‘i@ﬂwﬁh Bieongotind24M08rdirdPto the inven-
1116- 122) hi s_apprqach _al | ows dermnstra t

thII()mdl)Cﬁtﬁﬁl thei reducsonbdiver damagein ﬁuthf“w%amﬁ q5|@€ﬂ’§°‘6 = support
for %Ielr vg i deflR é)‘f?ﬁe‘ﬁ? ﬁ@fﬂ%&ﬁlﬁ it} GidSasB S0ch o the mvent1on

IOﬂS ma atirents suffering Tromt

S o=
To 53t ik PP SEaPiby SoleR Sl B oS BBy %5%‘3@5 em
plo$AdiHydebethiditmi ﬂﬂmﬂaammg of divetisicions (o.gc frondd sentiows peapared from
assay (Goerlach A et al., 2000,
control and DDC- or GF intoxicated animals according to a standard protocol (Brandes RP
et al., Free Radic Biol Med. 2002; 32 (11): 1116-1122).This approach allows demonstra-

tion of induction of ROS production iz vivo in livers of DDC- or GF intoxicated animals

o

thus mimicking observations made in the patients suffering from the diseases according to
the invention (Example 7). Other possibilities to evaluate the ROS formation in DDC- or
GF fed mice include e.g. a lucigenin chemiluminescence assay (Goerlach A. et al., 2000,
Circ Res., 87(1): 26-32).

This experimental set-up is further applied to DDC- or GF-fed animals treated with the
targeted antioxidants according to the invention (Example 6). The general strategy of time-
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Crc Res., 87(1): 26-32). This experinmental set-up is
further applied to DDC- or G--fed aninmals treated with
w0 bmeoat7get ed anti oxi dants according to the i NRENEPINSG/053338

(Exanple 6). The general st#ategy of tinelines and
dosage reginme(s) for DDC- or GF intoxication of test ed
animals and for their treatnent, wth the ntlo ts

linep gnd desees segimets) fardleGper Ghintexicatignniietied yuwg or their
trea,gr %nec erd} ﬁ%@%ﬁﬁ&ﬁ%ﬂ R9%0 ‘ih@%%ﬁf%h{al g]?;ﬁ'oa& &ed for detenm-

race usions of ms el ns and
natiofl of moeplfoléﬁm BbXormalitiéste. gninﬁmceihﬂladncﬂmlm of maisfoddedi prgtems and

to 3. The_appl.icatign of t he, ant i oxi d S,
MBg nghveré pf D&Gw@%mtcm gpimals ageoy @fémaﬁnfa glu

t at hi one peroxi dase m netic_ by using the_general
Thqﬁppllg@mn@féhemtmxrﬂgnsoe Sxdariyplves qf WeamﬁluEscosnzyme Q1o or a glu-

B

vidésesipivieaitireductibx BROS fOpmationtandnidreof has a thérapemtic benefit in liver
experinments enpl.oyi ng hepatorm cell lines (e.g. Hep&
disqsflerpi@pamfing to thednysntion (Bramle 8he derived from a
hepat ocel | ul ar carci noma (ATCC No. CRL-2233, LGC
Optiymahipcheriro Senigepss emeyipgheratomagpll Enesc(ierto FgpS2 of §lep3B),

| | t
i
LGGQ*rbﬁl@&heiMiL Ge‘ﬁﬁ@ﬁ?y)]'t]ﬁ HGH-Bhliméi 2ardiabinacdilé (Japari8sd éadlection of

MD, US . t of . ROS, ti
Resoproh jetontess NOR AN LEos Titsl) BP0 ATPERBINAE] 195 (ARferican type
co]%l:tgch?b?‘é@ ‘f‘[% zgi— Iiﬁ\?l_, hrdelibbd ﬁf)m BAL/c mouse, MD, US) allows meas-

ni ne- -suI OXI mne (BSO can be appliéd as
urementad iROS @toduetnbmmeli\ev adlls wmidﬂéﬁ omtsxnainmﬁﬂxamp& Pedglu-

e ol i P I ERBEE 50 A s

alteh?atﬁrfeft@ elevatt RAdpRAGKS dXidativd Gtrds¥ (Rt MJ #a¥\)2002, Biochem Biophys

04, Neurosci Lett., 371:85-90) in order to neasure

s@nmﬂ@d%lﬁ‘k)ﬁﬁlnsﬁi)ﬁferentl ated cell lines, Hep&
(ATCC No. HB-8065, MD, US) can be alternatlvel
Sine¢ CoGldie tecoytlyl B&nrshbwn @ 2ff¢csimgtachondsisl (oY H@i Kén WI.,

SR TN I A S T

lindsSALFGE daATEC N6> rrmels5 ©DOUS) ban walterrﬁaﬁvegsstﬁhuwbﬂ BYL00 pM
measur enent  of g](|;)roduct| on i nduced bi Antimycin
t.

Co@l. (Figma) @3@l@§lb%8§o¢t&1n Biglefrheinod85: gi@r54 2000
Jul 14; 127(3):201-217, or by rotenone using_|ucigenin

Anmhmppmch e@&leastabhaisda)p cpittwsrd|cgl(as wedkas4n isolaterbepll organelles
or tge entire %ssde) aﬁ(gwg measurement of the ROS production induced by Antimycin A
(Figure 10) according to Chem Biol Interact. 2000 Jul 14; 127(3):201-217, or by rotenone

-U

using lucigenin chemiluminescence assay (Goerlach A. et al., 2000, Circ Res., 87(1): 26-
32).

Liver cell cultures intoxicated for up to 3 days with DDC (conc= 50 pg/ml of medium),
BSO (up to 100puM), or Antimycin A (or rotenone) or with CoCl, (100 pM) demonstrate
induction of ROS production in vitro thus providing another suitable model mimicking

observations made in patients suffering from the diseases according to the invention.
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32). Liver cell cultures intoxicated for up to 3 days
with DDC (conc= 50 ng/m of nediun), BSO (up to

WO O0ah3750r Antinycin A (or rotenone) or w th BOIZER2005/053338
(100 mMV) denonstrate inductfon of ROS production in
vitro thus providing another suitable nodel m m cking
observations made in patients _suffering

:
By employingsstanderst profagolsgoeqrding io Exesnpls. %@%%%%i’%%d cell lines (e.g.

d .0r Ok 0C Ol S- i . i
LI BLRIGRE R PR, 59 AR e Suck ) o coch
pM) %nglﬁﬁba%@vitﬁﬁﬂo@m MlimviitrE,,&es(pecti\redy én oorgentrations

or i
cortAEp QTR O 6O IEN 18 SRR PO Bl a4 6 eV i dheccording o
[ { ! :
i AEEPAILADS BN PP i o
ing FRABIER. I ta 101ME) protifde 2 -sipnifivant redbetionen RQS éorination, thus further con-

songog b Ren P HARRRRE 5ok R Ry Bporcers
acchRitngd 1o"tHe Heftidd\GESPRYE &, BxaApld 10)of m tochondrial Iy

targeted antioxidants in’liver disorders according to

| Ml#s@‘fe glg(l\{ ﬁd@ﬂ% chrdfiR, dhoWifafis guch@&?%ﬁy biliary MBS SndtpAiary

oun roni c cholestatic such as"prinmary biliary
sclerbsing olsolangitis] Tordetexmynesthe effest(s) gf uhitochongirially targesed antioxidants

deferm pe.the effect(s) of mtochaondrially.t ted oy
s VS B RN g REPRATIAE i v Pl condiions
the3RE{nRint PR REcrited @B6Rof DINC! AGR rit6xicaedinideqBRample 3) is
the treatnent par adlgms descri bed above for DDC

follomedemggd MPIFIEQ Apimalsgyre sabjecied t%mm%b%@éwg fzstion
e T s e T S

al. 0603), ATl IPbEP@RRGIEGY,di621(6): 2019:2026) Witldaywithdrit Mito@ aid MitoVit E,

al .. 2002, Am J._ of Pathol ogy 61 (6): 2019-2026)
respgotivelyy ang qqnanafed\mta@g%ﬁateWMfgfo 5.y espect i vel y, and

conpared to appropriate control groups,.The general

The general girategy thedaterminetheisfieet(s) of nutprhendriglly dargefisd antignidants in

e
(CCRt ifubédlivetalafrafe in mousetbs esttnbdelefaccirdingdo iAriasbié et al., 1982.

rat nodels (according to Arias LN e l.., 1982. The .
The Liver Biglogorpgd %@%b%ﬁ%{%@ _ss,%%ﬁﬁ%f)égf‘@?ew *}%H%‘}dams
[ SRR ioxidants according to the invention.
acc%)o(ﬁgéfoer m nentﬁﬁﬁe effect(s) of mtochondrially targeted
ng [ ' : ' 3 | i -
o3l L Ao B bk T brkloRidgh oL (R RS o inven
tio® irgtreathenttandak pravention of epithelial cancers by following e.g. the treatment

=D

paradigms described above for DDC- or GF intoxicated mice but instead employs im-
munocompromised mice harbouring human epithelial cell cancer xenografts (nude mice
tumor xenografts, as e.g. CD1 nu/nu mice from Charles Rivers Laboratories, USA). The
tumors that are xenografted subcutaneously according to standard methods known in prior
art (Li K. et al., 2003, Cancer Res., 63(13): 3593- 3597) include but are not limited to co-
lon adenocarcinomas, invasive ductal carcinomas of the breast, small and non-small cell

lung carcinoma, prostate tumors, pancreatic tumors and stomach tumors.

Treatment of such mice demonstrates reduced growth of tumors, increased necrosis of the

tumors and decreased vascularization of the tumor xenografts. Similarly, the levels of ROS
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par adi gns descri bed above for DDC- or GF intoxicated

m ce but instead enpl oys i mmunoconprom sed m ce
wharboes7sng human epithelial cell cancer xenogP@f/EB2005/053338

(nude m ce tunor xenograftg¢ as e.g. CDI nu/nu mce

from Charles Rivers Laboratories, USA). The turmrs

that are xenografted subcut aneousl accordin
in nydemice timee kerngsafis-rsamoniofediag deseriped plpov, anétarealreduced in xeno-

sref g SRR vy e idls oo A bR Gl PP

carci no smal | _and.n | :
Whig B R0 B Stk LS AR ST LAy o BRshR AR fRahier, ifplders apd fiver
andJiRFRiThdlaBArzers thé AletHdE of | %aﬁié!ﬁh adBoi:‘cﬁng'd R1RB $iiveaties surprisingly
reduced growth of tunors, increased necrosis of the

provummmm@bemmwndag@nmeﬁemzm treatment. t he t unor
xenografts. Simlarly, the Ievels of ROSin nude mce
The mnmlonmﬂglea{ﬁttheraﬂmmdl ‘ttelmemﬂasth@wdaf rﬂnfeﬁlglam exatples,

are reduc eno rmrs eate
repiaentisgiciaed SEbGRmoR 26 SATER R bRENsR pErifipllfc jyvention
b hﬁgﬁﬁfé@qﬁ&g to the state of the art of therapy or
e“py)érop yl axis l'iver disorders and liver and other

epithelial cancers the nethod of treatnent according

to the invention surprisingly provides an inproved,

taln effective treatnment. The i nventi on
Br‘{%ﬁeﬁ ustrated below with the aid of the

. Ll
angh%ﬁ?ﬁ BRSSO Bk ks ta o e
foGﬂDEe t B f De ti
wpi MG L (1459 6T o1 0, B €f Doccr pli on

Flgtdfz ?frﬁapﬁvéi‘ P P4 drEred %?%G%Bbcéytéﬁﬁﬁﬁly' drieBbed! ﬁpsfﬁraﬁﬁl@lhht are ori-

3 days) exposure Normal |iver
entaibdit(nthe eentrad deinjanmqwcrb asa riangley ﬂl@ sigpgoidif£d original Whlte colour

W1tﬁ grfa ‘6 é‘gg g??egfg?t% | %ﬁn@c&rg %& io%a1 eﬁ%e&»g&h (@se \éﬁéuﬂis of Ihepato-

eyt The nGdlbiMthe'hdpatatyted (AS merﬂ_e,Qﬁeﬂ bhefin ¢E&P tstang are large not con-
throcytes) | ocated, bet ween these strand of paﬁ3
den@sﬂ angl mcmb' shem @e BPmineat pgkales cytqplasm 55&5 is

o AP kNS5 g6, BB v
graﬁﬂaaﬁésaatrednchpm&l vein (atmtated|as asterisky isl detdotaduiagoificatign 200x).
pi nk, H&E staining). No infiltration with |ynphocytes
Figl: AfcRMtboicxticcwik DIV ford dak theearthifeetume dbithe divasis severely dam-
asteri skgy is detected (magnification_200x

agefif therordestyciTasgenet afithhbeppiocyiss 5308al $ehly atoud he portal vein
(anﬁ&%éh%?%féﬁ?k)%ﬁm?esl\ﬁﬂ’l?fyrdp'ﬁoéﬁ&eélﬁ gfaﬂ{ﬂ&’:ytes are seen (annotated

by arrow). The hepatocytes show different indications of cell damage: the cells loose their

contact to other cells, the nuclei are condensed and the cytoplasm gets bluish-pink as indi-
cation for apoptosis. The cells increase in size (ballooning) and the cytoplasm becomes
inhomogeneous, clumps of cytokeratin are visible. In addition, the cells loose their plasma
membrane as another indication for necrosis. The annotation A, B, C is identical to Figure
1. Around the portal vein (marked by asterisk) inflammatory cells (marked by arrow) and
damaged hepatocytes (no clear cell boundaries discernible, cell swelling) are detected. De-
posits of protoporphyrin (small brown dots) represent a DDC-specific effect on protohaem
ferrolyase. The annotation A, B, C is identical to Figure 1 (magnification: 400x).
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aged: the orderly arrangenent of the hepatocytes is

| ost. Especially around the portal vein (annotated by
W@gi0endEFR) infiltrates with | ynphocytes and  PCT/EP2005/053338

granul ocytes are seen (annéfated by arrow). The

hepat ocytes show di fferent indications of cell damage:

b skl i
cﬂy%n%ﬁ)(mu gct?tdrﬁ /k%jjgh glﬁr R l%éh‘itecﬂ]faag%ﬁl sYisible with

|ncrease|n3|z the cyt

strands matmmsrbglelamdllgr simsoidp ST mm;piho]ogy af the Impetocytes is nor-
Vi si bl e. ddlt ose, thej

malsaeinsizngnd maahsioiy of Ga PRk mfshgeroof e BRgiom (Example
3). ﬁﬁ@éﬂc@kf gﬂﬁmﬁo?&ell§ atFIRA i eGrtal Peifi(BEARA by a@t%ﬁb!&)dexcept of

e port vel n (marked by asterisk) i nflammato
slightindgcatiom fdrell lsyle]émg@ml dapuﬂ:ltdmmfgmdop@phym heméomﬂs look nor-

m ﬁﬁ’ﬁa%wi%a ool €& Genieb Ry id (el b uA0i0”

represent a DDC speC|f| c effect on protqhaem

anm g 6? gukectn{MifpQansthediceree of hepatocyte fdamageip mepse liver

Fig 3: After
ol S OB P o o

Fi P ﬁ%%m%ﬁpg@{&%%d%fc@ 2 BRRg ﬁ‘?aé%&}l??{ HnCtL: dm general

e nornal arc ure agaln I°'s Vi sl
reséhblbethat ofytudg nbo ﬂ)ii(rl-entomatsd misodebcted neFigurepl#o (seg A= nuclei,

—%9&,12%,1? Bk Ogiﬁﬁk i O{l%n%ogrgcf ﬂ%{n%lrtgnlg@ﬁ fq%ensl% is absent and
hep%VJc d e dr Exg@drﬂ Sradds. ’Pﬁ@%%ﬁfasﬁfof'tﬁg ééﬂﬁﬁe@ﬁlﬁﬂ?%ﬁd@d and of

aro rtal vein (marked by asterisk); except_of
eveslsizghto baihlooalg aftihd cfrllsm Mallome bodynfprmationis seest (rhagmifisfation:
40(§5rotoporphyr| n hepatocytes | ook nor mal. The
notation A, B, Cis identical to Figure 1 and 2

T Sumibgr 6t Weniagen & FEuies 1 (oe Asptoel Rpeel iR 5-

cyt{)%gr mF&iéﬁél %%CW SinuSsiBP tfofhal YhiPwifh 198 d6ts¥) and Moriginal

non intoxicated mce (4 nonth of age) ljver
brosunrapdaun représentyarigment (predemisiantly pretepasphyrion g thedile ducts. After

i 3R DS F LB By A DGy ang ook
thelah@n RMdn@ bf WRhepAtassttey is skl disturbés e hapwtommwystmus degrees
are arranged in strands. The cytoplasm of the fﬁ’@ﬂs i.S

of qellylar drpyecseaging droandisprtegsation ofithecytpgkelpim B ‘a?nmg and
e Sl NG SR A B Gl s cpeialy i

bilé dieit (atratvhyad)smagnificgionest0lixt 0 4 (see A= nucl ei
(original blue), B= cytoplasm (original pink), C=
Fighr 858116510 wedkg DRE itdokicetion infthe esdovat pediodi(s DDC for 1 week)

ori gi nal
treatmelgt with two injections of MitoQ is performed. The improvement during the recov-

ery is significant; only slight alterations of hepatocyte morphology are seen. The majority
of the hepatocytes looks normal and cell ballooning and/or Mallory body formation is ab-
sent. The accumulation of protoporphyrin in bile ducts in the vicinity of portal vein (aster-
isk) is also markedly reduced. Structures are identically as in Figures 1 to 5 (see A= nuclei
(original blue), B= cytoplasm (original pink), C=sinusoids (original white with red dots)
and D original brown represents pigment (predominantly protoporphyrin)). Magnification:
400x.
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brown col our represents pignent (predom nantly

prot oporphyrin) in the bile ducts. After intoxication
WaRaok/ooD® f or. | O weeks and subsequent recover yPOU/EPZIO$/053338

DDC for one week the arrang®&nent of the hepatocytes is

still disturbed. The hepatocytes show various degrees

of cellular damage r g fromdi si ntegratlon of _the
Figuxe Bdimression efthe enqluqygp form of demoaygenapntinl)dp DDC ‘ntoxi-

cat%“ﬁﬁmg%ee%eﬁgﬁ&eﬁla GF bi e ducts (arrownbad)
Wl RRIR AT HG T FRor Y SO SR e induction

und@PEbb FofXdaiBA (lakéstdd. 4V) 6 RpRSédtRRSoNMeni\ddn@Qlsi with DDC),
performed. The |nproverrent during_the recov_er

whegeagnﬁeamm wit MitoQs(langn (7, & 2 amoykg MitoQ, sithew %QPQ and lanes

r \
0L LR8P Gon S POl R 15, BELBRASE oprs
siorl. DAAB NN 0SB RBresés solvéme contealswlithbatdDDQ! The low molecular weight
pr ot op or?hyrl nin bile ducts in the vicinity of portal

Pfotﬁél markgs 225 36.530) 64.98andd 48dIadds Yseeduced. Structures

are identically as in Figures 1 to 5 (see A= nucl ei
In oadaritg hmalllalbb -1 mﬁemmmsagm eyl ] 0, sprpprison to the constitu-

o PP 3667 8 e B S0 R o -

notdthPisiefophiyd skwing Veeldi rédlubaibn off H(}I-G)Gn( DB mtmné’ated animals
Expression of the ind Cltgl e form of hemﬁﬁ%%ﬁ%mﬁﬁa d

treafadcwith MitpQomhen mramre 188 CoRtEQ) EroUp: Ferue ) intoxicate

mlcg\éé(/ w?ﬁ lﬁltﬁg s@tQﬂl s DBC intodddatddPmi 324458) diily injected

.-.

ows a ma | nduct 1 on under DDE I nt oXi cat| on
(i. po IvaﬂeMmQ inPB3 I%DMS@rae endlysed andlcompared 6o appropriste controls.
DDC), whereas treatnment with MtoQ (lanes 7, 8= 112
anﬁf@&/ $gudd paQuydttRef DIDMmtaaItatawice IR siniftareohs MitoQ
MtoQ with DDC) result in strong reduction of HO I
treymenéi n expres sion. Lanes No. 1 to 3 represents
sol vent controls without DDC. The | ow nol ecul ar  wei

In spro &pm Yesione pnipgp groups thesictivily obgramdivenenaymgy indica g tiver
t
ok 5 S PRt PUOHT, SR8 ke
whlgéégagsﬁ &f@phﬂaﬁ@il?iﬁmﬁ@f?‘aiﬁ&sqﬁl) GOY in dlaggalﬁaqm?]sen@é by black
sof twar e a n C e or S W
bars) GreldsiEERIBed SisORHE 10 S Ik R CEACU oA By briploying
corﬁrﬁ&%faﬂgm 4 dﬁlé\'fq [ﬁ(kﬁ oMIe55 AP R STE8052 16D €1 837@8#8231&3 41 Iﬁh‘éhased by

repres intoxicated mce. Overall, in th
RodletAGfS\eﬂmland)eon s Hiaxhi /Rochei YatAnplysete (f or 3 days)

daily injected
Lanes: no.1 and 2 represent non DDC intoxicated group of animals and DDC intoxicated

mice, respectively. Lanes 3 to 5 represent DDC intoxicated (3 days) and simultaneously
MitoQ treated animals with concentrations of 3-, 6- and 12 mg/kg. The most prominent
reduction of enzymatic activity shows alanine aminotransferase (ALT/GPT annotated by
white bar), followed by aspartate aminotransferase (AST/GOT annotated by black bar)

whereas bilirubin activity remains without any changes (data not shown).

Figure 9: ROS production by 100 pM CoCI2 (0, 10, 20, 30 minutes) in HepG2 cells
simultaenously treated with MitoQ
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(i.p.) with MtoQ in PBS 1%MSO are anal ysed and
conpared to appropriate controls. Figure 8. Serum
w@ananel7ey s of DDC i ntoxi cated m ce under si MUPCHRROS053338
MtoQ treatnent In serumfe®dm vari ous ani mal groups
the activity of serumliver enzynes indicating liver
namel y bilirubi al ani ne am not ransf eras

danage in I e
5 uMMI%@:Ip able 9 Teddueg basal REIST produgtion alspadinin; wnsimulated cells. (seo
I AR AT sy Ty i

er'm nea acco
Thésk aswuits deponstacothat 5 pMcMitoQean sigrficamslyidesrelge basal and CoClo-

St p G RS o1 PB4 SY eDIR [ S HBYARE R Aedes 4, 5, 6
staln%g' ﬁ)liﬁg#g@ géllsos%&lﬂb& R4l C(‘Ddg%% 8xig %r@éﬁis%hceﬂf%?@ﬁ range of

represent non | nt oxicat ed group
Mitai) M pamiydaxiDée matative DaiFdtluaieseence E46p &pr0.08 vy unstinmalsted (0

0.5 re en i nt oxi cated (3 days) and
M@WW@%Q@@§$§S@P% treated animals wth
_concentrations of 3-, 6- and 12 rrg/ kg. The nost, ]
Figure H)r3timujationofi BHHy1 cellwithed pM Aptimycin usipg lycigenin chemilu-
. ' ) not ransferase (ALT/ GPT annotated by white
mn%%s‘%ﬂ&%g owed by aspartate am notransferase (AST/ GOT

AT not ransf er ase (AST/
L v a—
tio0-2BQB[0.o0aet 5)0M) biynulfafeoubtyGoifH 8r withoutMitéQ in 8éhcentration range

sofy ¢ 0hor e Py BT Bl 46! e bbacion

S skt 008U . 3550y oo g o

Mith€r jrdifseblerbas Waxidilel cheilufineseence sighelsexgeassaisasraatrage counts per

i e S e b SPA SAEERY SPE era, o

diaég}u shb& aAdiBsfiadt 8dtuction fnl ROS Jormatfon, fhhis Girthied Sorffining a thera-
& cells stinmulated with CoCl . X axis_represents a

pewisrhsaefitrefmitachonadripdlydaregted satipxifants muliver dispedepsyccording to the
inxf@li tive DCF Fluorescence [%4. *p<0.05 vs unstinul at ed
f MtoQ; # p<0.05 vs Cod 2. Figure 10:

E StiFruI ation of HUHI cell with 1 nmM Antinycin using
XpP!%Seni n cheni | uni nescence assay HUH 7 cells are

i ncubated in 6 well_ plate d stinul with
Exmlw&wemwtéfwé@ﬁwﬁ M?a'i:l"m %me) 1 and 5m\)

si mul .t aneously with or without Mt ,o(%,i n concentratiaon,
MBsg¢géde induced in mouse livers by chronic intoxication of various mouse strains: e. g.,
Male Swiss Albino mice: strain Him OF1 SPF (Institute of Laboratory Animal Research,
University of Vienna, Himberg, Austria) with 3,5-diethoxycarbonyl-1,4-dihydrocollidine
(1,4-dihydro-2,4,6-trimethylpyridine-3,5-dicarbonic acid diethyl ester, DDC, Cat. no.
13703-0, Sigma-Aldrich Steinheim, Germany) or Griseofulvin (GF, Cat. no. 85,644-4,

Sigma-Aldrich).

The standard diet (Sniff Spezialdidten GmbH, Soest, Germany) containing 2.5% GF or
0.1% DDC is produced as pellets by Sniff.

Animals are kept in conventional cages or in sterile isolators with a 12 hrs day-night cycle.

Animals receive humane care according to the criteria outlined in the "Guide for the Care
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fromO to 1000 nnol dissolved in DVEM (G bco) for 3

hours at 37C. The |ight reacti on between superoxide
wapmelososgeni n is detected. X axis represents BCT/EP2005/053338

concentration range of Mté8® [nM whereas y axis the

chem | um nescence signal expressed as average counts

er mnute [cpn] after normalization to cell nunber

secofrhiaberatary &@mals papered bydhe Natipnal ﬁ?ﬁéetwr ah Scighces and pub-
llshFB 3%6%%1:1&%:[ iﬂ st Ies léftilj ﬁﬁ{ ?6 5t #e@ﬁed hhgs

g era’ peu

vigh (oreren ol are o éa%?%r%m CoRHice Bler DUATHIE o 2.574,08 for wp

to 215 nfeBR! | mental i nduction of Mal | ory Bodies (MBs) MBs
cgn be i nduced in nouse livers by chronic intoxication
Mogl H@e&é% JPHISDEL hAGRShtoSicatio ﬁ%ﬁﬁh%ﬂl@&lﬁ%@f t d
M strg(l)n Hi m O:f) SPF Irﬁ:gt |ni ute of Labora orﬁ@aocytesan
forrhammabf Rdenserr ketnatin W negwerkt ) fiof atvuedmﬁaveeleﬁ nﬁet«gucatlon ballooned
Aust ri

herpfocylen Fhopip cesicad ety AR o v <o MYEGRER: ot o
ﬁn%;ﬂaﬂtﬂgé %sbé’ihteﬁ%ﬁf the RERatin B hetwtk. Cobfiddatibn of intoxication leads to

drich Steinheim Germany) or. Giseofulvin (GF,
the@apearame o Byrge MBs tysicgitialocatad i Hip perineclear sitpplagmis ogion. Most

SR 8 S, B s R Rt

plaéifﬁic@'l&ra@ihﬁlek\ﬂ@ﬂ( UBos odsutivni effintoxicaigas MBs dmamtear within several
isolators, with a 12 _hrs, day £cyc|e
wegksc At ¢ everknalieceueref: aevclaroaaq@gm?a sth e Fonl ghegRiorytFsdevoid of

cytéé;'laénlgll% %dﬁafnggts bies X; rnnl&%ﬁaﬁfrel'hm SGLIIBY at the cell periph-

prepared by t "Nat i onal Acadeny of Sciences
erydndsgouiatibm mthdiehlylolidmesl\lﬁ’[sudn alice are réexposed toDDMe af Gf;pumerous

My g BeRe B 2 to. 2 ptse SRR S e Ahy M Lol EfeaboE: $45,665- 675)
Thf?@ghaﬁfce@ fortfatibn bP MBHOuﬂoﬁ réinfoxidAbA was Mitbpeetd v @i snalogy to aller-

respond to DDC- GFintoxication first with
glcbeaqtmmngaMmmqgmoacyﬁ@é, and formation of a denser

keratin EF network. After around 6 weeks of
Mlcmm kiltegtat differbuetitinmopeits of petoxicgticsbys ¢ravical diddention and the livers

It t k t EF I be., . .
o e e Goait raue EbuBREpEs bR AR igpesp for i
muﬁgﬂﬁk%%@ﬁé% or IR 1R U9 hiifer&d foriiblash Wﬁﬁfhﬂnﬁé Usstdlogyt iRl immu-
appearance of large MBs typically cated in the

nolggtochemibtear cyt opl asmi c regi on. Most

D

Example 2: Evaluation of liver alterations; detection of Mallory Bodies (MBs).

Liver samples prepared according to Example 1 are used for simple histologic staining
such as with haematoxylin and eosin (Luna L.G., 1968, Manual of Histologic staining
methods of the Armed Forces Institute of Pathology, 3rd edition. McGraw Hill, New
York). Furthermore, single-label immunohistochemistry or double-label immunofloures-

cence microscopy is performed to detect MBs in tested animals.

A) Single-label immunohistochemistry on paraffin-embedded sections: Sections (4 pm
thick) are deparaffinized in xylene and rehydrated in graded ethanol (100%, 90%, 80%,
70%, 50% ethanol) and PBS (50 mM potassium phosphate, 150 mM NaCl, pH 8.0-8.5).
For antigen retrieval, rehydrated sections are incubated with 0.1% protease type XXIV
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hepat ocytes contai ning |arge MBs have a markedly
reduced or even undetectable cyto plasmc EF keratin
WO 2a0e00359 Upon cessation of intoxication, M3s PUHEPPeRH053338
wi thin several weeks. At 43neeks of recovery from
i ntoxication, there are groups of hepatocytes devoid

_of cytoplasmc keratin filanments but still contai BI
(SigeSteinheim dpernasy) fvséOmmtah@O@btempsaﬂilfﬁ logupiptgn DakS primary

o B85 BB BB AR B St s e

st TROWI R 0wl 16 0 %Mtdﬂme Buffet plfﬂl6-0 (fap0e, po?ycldﬂabKBﬂlS antibody
i s enhanced_f or 0

50K 160 the mensciozal %&@'ﬂ'?ﬂ(g’rlﬁf g [Npomarkersh thg 90<§ngnz§ff<ﬂgrannbody

DCE]:OF%% rﬁegéj?fld Pg§CT #(ﬂgélpm ih o f‘é diftfbody aﬁﬁst@! %rmmal pep-

Nt oxI Lati on
t1deosequ¢ncabf ;idSZgIZm]auka;‘hK ahdl.,t2002) Amgh Rathok, k60t B55- 263) After wash-

ingiif B g OB TR AORDH A RGP 0 LR Bl Fech R

meﬂ%cfl% ?ﬁi \Q%Héﬂ %uﬁs@&uénﬁytlh PBShirsthe negbstd Wections are incu-

|mTun0|stoc emstry. 2: Evaluation of liver
bated with atimans antibedies tin o ihumtidlﬁad thambep(iine) fonismin afiroet tem-

re RSB R 18 YO ATRL i oL el M e

LinR¥ifO ahtRGokt) Mouse, RabbitIfiSauniglobalinsDakloy didktod noo in PBS for
stai ni ng net hods of the Arned Forces Inst

30 it HOP R PBPEBANTAShRH ASCHESS WIEh PSS MifbRjed with Streptavidin
blogﬂ ﬁné{%g E{Hﬁ{])ng?erg‘hﬂgaje ﬁ’e@g ABETRIRP K{Pa“ﬁo" QBEAT 8160/ Sol B 1:100 in

PHRUNOT urescence crédscopy 1S
PB®pfot 30 mfl, Aherdatiwdy, iMibaiion tvith perbxidaseradrjugatgd rabbit ant1 gumea

e RS AT R 0 S BB o
% ?&BM%%&R&@%E? Gbab]ﬁn@&ﬁlﬂ@@Sﬁ heﬂtW@nmﬁ@ Ymplification
0% % et hanol ) and PBS (50 rrMpotassn

is mffoewchbseapplﬁog bmtmarnyrarplﬂe golotign 350 mgmphﬁ@atg@rdﬂutent (TSA™

e SRS KL S it oo

lowdtd bydhcubatsn WRRReEakvdR-pdroxidasel salition (1 D68 ¢n PB 8)1%1'380 min,
ant i bodi es), or mcrowave (conventional househol d

P62'@T7 E‘W ié"d‘etbc%%sﬁ]é tﬁ@ TEASH Blé‘ﬁn §)’%@é€ﬁf1%acﬂl01tﬁk f ubig-
citrate buff 6&3 he pol ycI ona
ultm&nd K84 aribaies ard dewtedt uselgﬂan Qmm exgystgm (Bekp), rinsed in tap

el RS AR A

Aqagax%@t[et&) erm nal pep tide sequence of p62; Zatl oukal
K. et al., 2002, AmJ. Pathol., 160: 255-263). After
For"@ﬁ&n'dé%lbﬁh?&%c@ﬁﬁiﬁﬁ%%aﬁﬁi@%eﬂ@mrbaﬁow (QEE Odky) for 5 min
i ncubation in 1% H2O (Merck) in
is to be performed, followed by three-time wash in PBS and counterstaining with Mayr’s

haemalaun with subsequent rinsing with tap water and mounting of a cover slip with

Aquatex™ (Merck).

B) double-label immunofluorescence microscopy on frozen section: Cryosections (3 pm

‘ thick) are cut using Cryocut (Leica CM3050, Leica, NuBloch, Germany), air-dried and

fixed in acetone at -20°C for 10 min. Alternatively (particularly if preservation of nuclear

architecture is required) sections are fixed in PBS-buffered 4% formaldehyde for 15 min at
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met hanol for 10 m n and washed subsequently in PBS. In

the next step sections are incu bated with primary
wa@pdosloexises in a hum dified chanmber (Nunc) forP@GDEPI0N5/053338

at roomtenperature and washed three-tinmes with PBS.

Then the sections are incubated with Multi Link Sw ne

anti-Goat, Muse, Rabbit | mmunaqggl obulin g
roog] empei@ture, fodowed mparefone fptign #0124 mingm weﬁiﬁc Pt e air-dried
hgg with PBS and incubated with
aft éjna s %dﬁ% h horse radi sh peroxi dase conpl ex
ST S g MO oA ) e
tenﬁﬁbpﬁdpﬁaé §ec§1@ﬁ¢é&§i6ﬂctzaﬂ&hdal Kaeddl., duh NeRathivlg 2002, 160: 255-263),

cot ek s S P M b ooy RSl Flogen, K1s
(SOg]n,Eﬁ fu&(!l H? g %ﬁb P9b %"ﬁﬁcﬂ%?ﬁ@on, ?&gﬂs@ﬂﬁ aaik ¥ éﬂéd]qm 86 min at room

ron 'S per I ng ‘bro

¥rafite iea 9@t chiantber QBﬁstiayl phm) INuniccRoshilde dDdenkmmnk) Alternatively,
TSA(tm Biotin System NE ost MA,  USA 5
the gntibodigsstre aprlied oact ikt HoBRed Rt tHg}- iR WPyt PBS for 5

ncubation with streptavidi n-peroxi dase sol ution
1: 100 in PBS) for 30 mn. P62CT antibody binding is

o 5 B ST Pl /T B0 o

huxhidﬁieﬁﬁﬁaiﬁbbﬁm@y Hpletrpritoetian) follbwed oyl throe- tm:;es waklkewith PBS for 5

foII b lication tqQ ton ofaco er s
%emp y@rﬁggwgi m@ﬁbﬁ& ' MQeEK{PmDe MpEFurs ih B wet
i s as;fgﬁég@@%%%wee-mgss goshing i DS or
mirh &Fuptherf a;uphmtmnfqﬂal soomul sbyondar}emtlbpdyé fars3drminrat PESN fgrgperature is
ount er st ai un W th S
oo HER S5 Rk s e R BTG B RS wasting
withMPES 065 ki XA Fer N8 145K antibB}ly Gtubhteor, 8hdds are rinsed with distilled wa-

i mmunof | uorescence m croscopy_on frozen section:

ter and, then withmthanpb fonm fewiseonds pad aigrdrigdi ng Cryocut (Lei ca
CMB050, Leica, NuBloch, Germany), air-dried and fixed
Seqondaxyenobndm to-bease drer .40 finprescein isethieayrnate ﬁ" ITC)-conjugated

s R B e SRR A LR BB 5Bed o

antf Rloti® Behsleblar Hrdbés, Deileh,OTHD Neth@tindt) knd, tefrathéthylekbdamine
by acetone fixation for 5 mn at -20C. _Sections are

isothiqcy amate (TRITGE— arEIECreonjugatedispanepntirappiglg (Dako, Glostrup, Den-
| CT | ycl onal

maRf AR TP dnjlenlsd ralid R QiR i PEWDAGE T, (00 30 Onee

Fin%@g_psgz %gst :!118 li'rll(oq{ntelé wﬁﬁ Nfbwml @nﬂ% MD%&OA 88 [@ﬁggché]rﬁ Rir.

4759041, 34% glycerol in PBS) or other commercially available mounting medium.

mit,

All antibodies are diluted in PBS and applied separately in sequential incubations. Fluoro-
chrome-conjugated antibodies are centrifuged at 16,000xg for 5 min to remove aggregates
before application onto slides. For negative control, first antibodies are replaced by PBS,

pre-immune serum or isotype-matched immunoglobulins, respectively.

Immunofluorescent specimens are analyzed with a laser scanning microscope (LSM510
laser-scanning microscope, Zeiss, Oberkochen, Germany). For colocalization analyses

(dual labeling) images are acquired using the multitrack modus. Merged pictures appear in
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anti bodies to K8 (Ks 8.7, Progen, Heidel berg,

CGermany), Kl 8 (Ks 18.04, Progen), K8/1 8 (50Kl 60),
wa@eaeti7eui tin (BD Labs I nc., London, ON, CanaPEl/EP®05/053338

applied for 30 min at room3enperature in a wet

chanber (Bioassay plate, Nunc, Roshilde, Denkmark).

Alternatively, the antibodies are apri ?d over HI ght
greeg/red @seudoraodavs avity yellawesolqur ik sifgs O coleqplipgiion: SHdes4te stored

pTOthtpa%r%ﬁ%ﬁtg?ﬁ%a first secondary antibody is applied

room tenperature in a hum d| f| ed chanber

RSB PO s o T s

antlbody for 30 min at roomte&gera ure in

To evpdiatethe dmgast fdﬁrﬂmlﬁ?‘%é APQRAINg 4 e|1’6‘69é’6‘°ﬁ§3|fﬁgf8§§1°n of mor-
phoi%?)(%?g érgf?éns\g? %561}‘1}2 g;g%!n Bﬁ' DS of GF'iianxibateﬁ%ch @ikers a positive

ation secondar antl body for 30 mn
contrb] grooprof anipatsy(® do & deys erposwe te BPDG Whaeesapared with

DDA h g iicptengcs pstad i fthF g’afi?gs ME50:A e of M-
tthﬂ%‘P Fm-(mdmghf&gm ﬁ-ﬂﬁnéth&ﬁyeﬂ mﬁtﬁﬂlphﬁnﬁndédyﬂﬁ:lpiﬁnﬂphosphomum
heh’ w t

anol for f ew seconds and air -

brosédeomdaylitoQninono Hile¢, i—dﬂmhm‘%’e%tmlé’l'3e6 gioxofl, ‘he}’%%keéaﬁlen-l-

LT A PRy by L, UK, o

MitBVit'® Pﬁ(}lﬂ-dﬂ@dnﬂ Gy dfoRyi2; m,lsaeum&hymmcmmpﬁama ed)ethyl]-

A T T e

v -rabbit Ig (Dako, d ostrap, Den mark) and
ITC conj ugated rabbit anti guinea pig Ig (Dako)

Fi . W
ro s BEE ARy PSS TR S B i o
DMS( qrrei%ﬁibm?l%b ai Toyinéia sélahlhey uinnnbxmbmseﬁllmmntémal or i.v. (tail
anti bodi es are dllute P anda eds ar a trols.
VeI nisGHERSEY BV IRBALSHES T CURGER SRR eI BUR G ont
Thé%@ ‘cbﬁes%bﬁ&’ t %xﬁrﬁﬁ’l%fdflérﬁﬁﬁ Q!lo@é of B0 &lg@f%ﬁdq/k /Y (vsochmol) and 6

renove aggr egat es ore application onto slides
mg o idito Wie Edgyday(B00 ﬁmobtac@mdmad@l SedthaR.A.F enl. aa%ii, WAS 100 (9):
54q7§§ﬁ}£re I mmune serum or isorype-nmatched

gl obul i ns, respectively. | mmunofl uorescent
MR OMR O e PG A PR o AT P RDPEL 19 $ediydroxy-
4,52 %ﬁ%ﬁ ﬁ‘ gr}fl ;;H@l%%)hecﬁ]iﬁ pleyRhakiheaiun? ﬁneﬂﬁﬁb ¥§i@nate and Mi-

ges are acquired using t

tonﬂdnBt[lMS{dnna&OXWBﬂg@hylﬁ Qm@sl,émdahexad@melembd@caﬂ
mpggn)flig]pép cling{ljtgld#tfl@ei}/s&ggga\gﬁélo L\f%)ﬁ/’é@ﬁ 1§§1ﬁ)§§enfé§1ted to the diet. Doses

are determined by measuring water or liquid diet consumption and mouse weight. Mice are

fed in their drinking water for 3 to 7 days without any gross signs of toxicity with 500 pM
or 1mM MitoQ or MitoS (maximum tolerated doses of 232 umol/kg/day or 346
pmol/kg/day respectively, corresponding to 154 and 230 mg/kg/day for the 500 pM and 1
mM diets), or with 500 pM MitoVit E (a maximum tolerated dose of 105 pmol/kg/day
corresponding to 60 mg of MitoVit E /kg/day) according to Smith R.A.J et al., 2003,
PNAS, 100 (9): 5407- 5412.
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protected fromlight at +40C. Exanple 3: Effect of the

anti oxi dants according to the invention on |iver
w@20hobdo§y. To eval uate the inpact of the antiPXI/ER2WF053338

according to the invention3én regression of

nor phol ogi cal alterations in early stages of DDC- or

GF intoxicated mce livers a p03|t|ve contro] gro

¢
In aafisrthen test@groep of R ot Wbdaiericated aBmﬂ ) PIeGﬂnBHWPU#X treated

i RS} 5 Rl ¥ T B 4 G b g o

forBl@?@Qyéﬁtoded:rc@GFdnl'ﬁ di met hoxy- 2
nmet hyl phenyl ) decyl ] tri phenyl phosphoni um br om de and

In MbiHREIE: B Qﬁpenments 3t012 mﬁ/k of MltoQ dJssolved in 1 % of DMSO in PBS is
[ 10- (4, 5-di'net hoxy- 2- net 6- di oxo-1, 4-cycl ohexadi e

given infraperitensplly sunmlmeﬂ;sﬂspwda,laﬁdmomatﬁdma &or(3days japd gompared

o QSRR B8 Bl 95 Yot e s s

tiveZGuoPRpresihty @bh POC ilﬁéiimmwtpzbhﬁzwmwctemmﬂmts)j e
(provi ded by Key Organics Ltd, London, UK), respec

To fa\fﬁ!:a\ﬂy a%%ss i Hhesd dh@ﬁsterrﬁ/biﬂbﬁl&htsl\ﬂnb ?éct bf iritochondrially tar-
I ssolved in PBS suppl enented with sufficient DVSO

get¢¢)amfom<hbtspcthngdo e invenitiondeguMitoQ or MitoS) the presence (or ab-
e G, SRR EARL v Cqlbond ey 48 o of

hepmdcbte\tﬁhjagé Sudhyserteeisceviiapsd of. cyﬂ&sksletoanefeeﬁgumd dnd 3) instead

T RGOSR T T 1T
or @fg@%&%ﬂ’ﬂ% 01% 3{ the %Bs five cotifi3Botk N@@baﬂ%lﬁ@and Mallory

er I vatives such as
bodigs are xotsuitedin ﬂib$eo@penmbnt{s 1l0e (Bthe fakit ttlyatl they\are not formed within

this SDOr A ERORY Je PG 1 % fieeten Akl staistival exaliations.

| f d
Ovpra, l?vgﬁrtsf@taq'étr?%wyn ThrcBOTA ashifecipin g0 e Ry SFBdsaf hepato-
cths ljﬁﬁﬁr&@ 6% -\éin]umla i\s/ %?%B%Qﬂ@ SPRORbEIRBRY v RR: hepatoc¥tes is normal

onat e’ or E is supplenented to the d
regadngsmr a;nddaoxphniogg of the nwelet amd strpofvre efthsrcytqmp&m Fyrthermore,

consu n_and are f |
the GRTIORT BGUREBPTY GRS EonongRyLs oA teah el ayged upon
treéffneﬁ%]?hﬁt‘foﬂﬁén% a06rdid t0'thd iVeAddmQ or M t 05 (maxi mum

tol erated doses of 232 mmol / kg/ day or 346 mmol / kg/ day

t f -
o ARy 8BRS B a8l s

enc (geabseocirutealbbesloavisd atbsBMAlonobodies MRg) e ayer samples of

treated animals is determined and compared to the control groups of animals.

In one set of experiments, upon 10 weeks of intoxication with DDC or GF, tested animals
receive i.p. or i.v. (tail vein) injections of MitoVit E or MitoQ (or MitoS) for subsequent 7

days given to pairs of mice and compared with vehicle-injected controls.

In another set of experiments, after 10 weeks of DDC intoxication tested animals receive
i.p. injections of MitoQ (1.25mg/kg) twice within subsequent 7 days (day 1 and day 4 of
the corresponding week), and are analysed by routine histology (standard haematoxylin/
eosin staining according to Luna L.G., 1968, Manual of Histologic staining methods of the
Armed Forces Institute of Pathology, 3rd edition. McGraw Hill, New York). The degree of
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corresponding to 60 ng of MtoVit E /kg/day) according

to Smith RAJ et al., 2003, PNAS, 100 (9): 5407-
wGama/00315e ftirther test a group of DDC- or GFPCT/EP2005/053338

i ntoxi cated aninmal s are si @l taneously treated with

MtoQ (MtoS) or MtoVit E for 3 to 7 days and

conpared to control group exposed for 3 to 7 d A
cellibalparringsmd;thie yrumbgr @iy bodtes 43 sregiberadnend i the Mtotreated

am‘Bn% E‘F%’?l;i?te%%’gtﬁ 1306 38ek bt € Bhrobill chfkrglR i 4 o 6).
In tyherarolpoeprve R0 B BRI EERrI0 s hidticated for 8-

10 WELKQXHiBADDBE o GR inMheF Amkine Iratdr feLsubaciueat 7 (Pt 88Nt s
non DDC i ntoxicated but vehicle injected animals). To

In ¥ %&gy of ApERS Mif y%t@MﬁMltSV{f‘Eiié ReplisERtistokitated

np ra tar ‘geted antioxidants
micado6 el with DINC onGEsimdtengeusly with tfathes DIRC 10 SF for subsequent

v ians 0 o0t St Ryl Rigbs SEMPRVALR PRkl ot
A o S i e I p e e i

soldipWithddDEr&dt/ or Mal | ory bodi es anal ysis (typical for
l ong termexposure to DDC or G-, respectively) are,
In spotheasa of txpdrinsents) 30 tweek-intoxicatidn of3oich with PDEeer G isi faljowed

nd I |ory bodi es are not. suited.in.these . '
by fyeeR oA eRy SopfeaeR s oRs i Grb R i B PRIC fGH dina
treatShtwith NBLoSHIPR S MEtdQ NPISS tevedls deg fRaokioaberfory@ffect (as a result
statistical evaluations. Overall, under

of memudm fe ?Drfé onGF atoxisation fos 2t e 42 h@%b@yﬁé‘%gd gyabolished by
&ere) UG _

s s P

To SF RS W Sh B TR IR, Ao RSP e g v

DDA ok @1BfeamYics Rlckived Similtanbdut heatitichswith M0N6 60%d efithe imaximum
mar kedl y reduced upon treatnent wi th antioxjd

t
tolexaied daoges @M. MipSREMioVILR. FRSRRPHive bk 5ehimrared to the
corfioL ¥l R eloBdtncidl 6510 LR DIED or B ibuitagis)

Mal | ory bodi es Bs). .in. |i . . .
In offs whptepertients prrausading of SRR ES of ik Nik Wifuin the inita
recgﬁ&g periqf (4anteks) & follswal sy sibkedpientXdptor 1 iotirs of infoxivation with

weeks of Intoxication with DDC or G-, tested animals
DDIere(H cand gompgred; to wontrelgop-treated)animglect i ons of MtoVit

E or MtoQ (or MtoS) for subsequent 7 days given to
It willibesippdrenti to éhase dkidled prathe artithatrvarieps mpdificajiensiafdhe general pro-

tocglos r(‘:%xrn Bé %iade.

Overall, in both short and long term intoxication with DDC or GF, respectively, the pro-
nounced alterations of the liver are greatly ameliorated or reduced by the application of the
antioxidants according to the invention used for the treatment or prophylaxis of liver dis-

eases and/or epithelial cancers.

Example 4;: Measurement of oxidative stress (determination of tocopherol quinone
content) in isolated mitochondria derived from DDC intoxicated mice with or without

treatment by antioxidants according to the invention
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In anot her set of experinents, after 10 weeks of DDC

i ntoxication tested animals receive i.p. injections of
wOrkieQ732 25ngy/ kg) twice within subsequent 7 JdegFEPIAY053338

1 and day 4 of the correspéndi ng week), and are

anal ysed by routine histol ogy (standard haemat oxylin/

eosin staining accqording to Luna L.G, 1968, Manual of
4.1¢)seletion of mousediver pytoshenkdsiadMIsM) he Arned For ces

Institute of Pathol o(gé, 3rd edition. McGaw HiIl, New,
A nyeshed for Tat et niteshomdrial (Stanigk ToandNohd &, 1999, Binebem. ¢fBiophys.

L or [oF s _greatl i N, t [
Aot 312035 bR Lol 7t % B0 iEHo L i ol 4, WoRRAE Prss
Inc3BR-M6) ik adHt&Pfot hidhuSe liverqed. €046 wight coinpared td it livery isolated
of experinments, MtoQ (MtoS) or MtoVit E ifs,fed to
from; vasionsatisepberoaps 3csprding todExpEmle 3wHheiselpionef iyer isperformed at

46 RS A GRS i) s

ter M_at)\ﬁié D%C @pm&amum (0.8 M slmfmée; @tldﬂfEﬁ)’Eﬁ, 20omMN tniﬁhdgz)lamine pH
t t { .

TR T T RN

taaldtic QLR EE cﬁ@ﬁﬁgﬁg pg%veM fo@%ﬂfe_rcﬁ oidabibh Ak fidue tié3<§}t]’cinto small

respecti ve npared wth control groups o .
pieeas] 4ralwashedowith atepdbaffer, 36 geatk bowopertizedintl i niiofer wigh a Potter

ok 98585 RS 58 RGN BT 4 5T B e
thrERRMVBY s oBHRESMURR! Tif Mltbdhvnens sreprileie@xt 7400 ©forM0ihin, gently
or G- and treatnment with MtoVit E or MtoQ MtQ@S

resusperdeddythand in B@ mlbrffer, senebetpd apd svashqdeagain asabgye, fipelly resus-
. CErEe S .
perdif SESRRLARrEDp B o5fTey ThE b CBikehhids nibalineg wih the

Biutétiroetheh@SAbs statduid et &dsten00i g peitacih aieedod forddubdd deternenation)

.prophyl actic effect of the antioxidants in liver
Wltgie Welgof 3dp 8ape-of DDC- or GF fed mice receives

simul taneous treatnment with 10 to 50% of the maxi nHim oy

Fon rereelizasion pusagess ths cytpobsame sanceriraionys celgilateg from the dithio-

. tivelys ad. i S .
s EEREENE Y AR REGA 0 s ISR B e mspranes
with 0t20%i (@A) Teiton KAl (@ msiato DIW2000ephiotmandter, aal rfl. 3l ang mitociondrial

progt‘g% QAQFté]gg fg!ﬁqtug]; ({%EPWM : oi\éi?} (\g il 1'6(%1? E&E’EP’E}&;@: I%gcgli lé‘{f| S r?if Bé%:hemis-
try 4fd ﬁ?o})ggéiw 197: sk ;321*3)3 %%fgé%fbd"@oh@en@@goﬁ’ bf @ﬁ (a%ﬁiﬁg[), Cyte, Cyt ¢y

conpa t3 control non '

reated ani mal s.
and@ytdy mrhealtly Mmitoskonsikini 0.&¢).3 nmphemg prot ¢agh, exrapolated from rat

liver;on(’lilitgcihgl? laoaﬁ al?afbaytragﬁi P& %{.,aioo‘b[ ﬁathgl%%f fntgﬁgtigﬁal,%-%).

As a control, an aliquot of the raw homogenate (after the first homogenization) containing
all cellular membranes should be kept. The total membranes including the lightest fraction
(microsomes) are pelleted at 165 000 g for 40 min (ultracentrifuge) according to Murias
M. et al., 2005, Biochemical Pharmacology, 69: 903- 912, washed and repelleted in 5 mL
prep. buffer, and finally resuspended in ca. 200 mL buffer. The protein concentration is

measured as above.
4.2. Analysis of tocopherol quionone (TQ)

Whole MLM (see paragtaph 4.1.) can be used. The amount of 2-5 mg protein (mitochon-
dria, total membranes or various fractions) in 1 ml H>O is mixed with 5 mM SDS and 2
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Overall, in both short and long termintoxication wth
DDC or G, respectively, the pronounced alterations of

W b@oldarey are greatly ameliorated or reduced PYI/EPI®05/053338
application of the anti oxi dants according to the
i nvention used for the treatnment or prophylaxis of
liver dis eases and/or epitheli aI cancers. Exanple

oG (DHERRONSIO, G5 PIBEA\ EAIAF 880 CHBAKE it Binkl prgprobic ethanol /
e SR AR i i et

12(IrhE6thamﬂt4(bml fsnisednﬁjrdﬁm& amdysis @onbletanaliykis per sample) on a Waters

A st ol S
in @%ﬁggﬁﬁa@oy titr] % GORY §4@¢) :360: QQGI\/Za’c Pl nin 4dd detected opti-

Si etz thods in
callEr(Z@Smhd'gyTQA@%mmfor Peesd bndngen@g UQs6ynd YQax) #p elseirochemi-

5 3t A e, 2 g

Ph&ﬁa@iagsﬁ l68; $73-TE ekt TQRofent in\HREIAPmMAGEHREARE BE % rela-

Each Tiver 1S cut into pi eces and shock-frozen_ hi
tivd todedogheriol otghiquinim) (Gille Lscfcﬂlaaem Bioghemi¢ah Rhpmmpcplogy, 68:
373?$§l§aratory buffer (0.3 M sucrose, 1nM EDTA, 20 nM

t hanol am ne pH 7.4) plus 10 ng/L BHT

dj - t . but d I . . s
v e KU SRS QR gt RO o
catddl ﬁi@%ﬂﬁheh%ﬁﬂ)‘aﬂa% cOMtslabhdDDC hicel tiafodewitis artiixidahtstccording

smal | pi eces, x washed with prep, buffer, 5 x gently

to thoinygeligzed i n 15 m buffer with a Potter pistil,
diluted to 30 m and centrifuged at 570 g for 10 mn.

4.3 TAnalysip of additional enzyimetcongdexes in ntuse liverymitochendria (MIL.M)
cheesecl oth. The mtochondria are pelleted at 7400 g

ML\ ﬂeﬁ(i)edﬁdsm vgdoud groumssafapimnals dseb prdtacuds inE3Mnpit 3) are frozen and

tha}?’gé f% A @‘ef; {:ﬁqﬁd k0 qﬂg{eé P%G} %iq{:]esgfﬂ ?%?o\{lg ﬁ%enntg (se\é below)

Cenir ChAsLAT 168 ErhBiphbRimetri
o g s ) ST e s

canr’cwqweﬁtnh@d AR5 Ardisce DWRAGR0 diral-wavelen nds@t@@tvb,eaadS -20 mg
| i zat th
it DO ARRULHE SR ERO L cal cul at ed [ om the
) Afsiiiese (s ot SHPOBIeAERELBHes Ad T abr 25 T ppblished on
Ma&bh223°/t26(yé ¥ MEﬁﬁs*cﬁﬁt NEsH0627000). ThE 253G QORaik QLEABA ’InCl,, 5 mM -

mtoc hondri al rotein needed for double

Na amm, MmM DADR .11 % diwitory XN ) 0.4 U socifratp dgksiregenase and 50

h d Bi j ' A : .
ml\f Z‘OC ﬁ?’r‘i‘t %.pP@ge&,e{'a%sg)fsf_fog@?v’e& 85%403% 4 O?ﬁ%)fxp%af&th@ﬂy in
healthy mitochondria: ca. 60 nmol / min per mg of isolated mitochondria according to

Senft A.P. et al., 2002, Toxicology and Applied Pharmacology 178: 15-21.

b) Complex I (NADH dehydrogenase) (modified from Estornell E. et al., 1993, FEBS,
332, No.1,2: 127-131): The assay contains 0.1 mM NADH, 0.05 mM decylubiquinone, 2
mM KCN, 20 mM antimycin A and 20 mM Tris pH 7.5. The NADH decay is followed at
340 to 410 nm. Inhibition by 2 mg/mL rotenone corrects for unspecific quinone reduction;
expected activity in healthy mitochondria: ca. 100-300 nmol /(min - mg) according to Stu-
art J.A. et al., 2005, Free Radical Biology & Medicine, 38: 737 -745 and Barreto M.C.,,
2003, Toxicology Letters, 146: 37-47.
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and Cyt b in healthy mtochondria: 0.1-0.3 nnmol / ng
prot. each, extrapolated fromrat |iver mtochondria

w@ Ykabayashi T. et al., 2000, Pathol ogy | nterPal/EP2va$/053338
50:20-33). As a control, am8aliquot of the raw
honogenate (after the first hormgeni zation) containing
all cellular nmenbranes shoul d_be kept.. The t

o Gamale oot dahsghogsess) Guided Foceils A0p ¥ e s ggntains 2
miPftete, G108 i et HibRiihte, P RN b 1 antimycin A gog 20 mM

TriSpH S Mhe ghindhe deme ds ﬁglpweeat 2P0 RinBB2) mmsmlalbltmd)y 25 mM

repelleted in 5 nm_prep, buffer, and fina
malogatg §Bgﬁq§ gpr, qqsgeglﬁ%gnqﬁg redyction; e)epﬁgteg P’B‘i“@%ﬁn healthy mitochon-

drid: QQ. q UI hit J%Fﬁ%%qg) Vﬁé? AR Bondtia%ccd¥iRIgHS 'ﬁn‘éfo M.C.,

oco e MM (see paragrap
2003, Toy)lcolagylhettms,eb% Ihd7amount of 2-5 ng protein
(mtochon dria, total menmbranes or various fractions)
d) Ccﬁnﬂlﬁk [IH2E&tbchroins b, ) \({nbbified photoEs aacutdidgto Stude J.A. et al., 2005,

Fropdesienl oK NGBIEne RS M ALHE B EoBs 3 T docylu-

[ At
i PP AR 5 AN AR ian o)
15 an OyiPe, G B Csarel 20devbTes pHAL Y. G cpeducham fojlowead at 550 minus

sa S Sin 57 2o e ot o s v
ity id‘ﬁ‘éaﬁﬁﬁ‘ﬁiltoéhﬁﬁﬁitaoéﬁ 80 nhfd1/ Qlﬁ (of 291a860m A0 ondia aécordmg
m/mn and detected opti r\% 268 nm f or T%5)275

to Smmt JrA.uhak 08 nErsg Badigel IBJQGP igipe,ci8: 737 -
el ectrochemcally (+0.6 V5 for tocopherol and quinols)
¢) Gamplex! TV deytochEoint logidase) émodified frzmmswaﬂulotm al.c20105, Free Radical

B g DoaT 140 agS BpSi TSP Gl gpepared by

dltlﬁémtébﬂeﬂﬁkitibﬁ%ﬁd afd dxidtibn o€ bxcebs dn}ﬁ@ﬁée) aBil 00 REVIITa&{ pH 7.5. Cyt ¢
Phar macol ogy, 68: 373-381). Overall, these experjnents

oxidation i fiellosted\es 580Q) mmyﬂ 540aing; 4cHvitY inkaalihypaitechendppicea. 1 mmol
5 T RRER FOBR LA S kP

MeldiewfR)B8:01874345)ynal ysi s of addl tional enzyme conpl exes
in nmouse liver mtochondria (MM MM derived from

ExXpleS T P4ith 6l oxiditiR!strebSRAURED pPEInS (hémbxypenhe 1)
are frozen and thawed 2-3 tines to break the nenbranes

To 8Mludth KEmBEFFRASse! IO%-I@-T 1? be?elﬁ %ﬁg&ﬁ‘sﬁ& kSR 18 ﬁ%ced by oxidative

according to Fato 96, Bi ochem str

stregy (Fareatse)M. aﬂthSblhmn‘@NatZQO@, Hepatglogy, 31(1): 3-6) standard Western blot

analysis is performed using protein extracts derived from DDC intoxicated mice treated
simultaneously for 3 days with MitoQ (diluted in 1% DMSO in PBS) or just vehicle itself

r—rnL

(see protocols in Example 3).

Liver tissues are resuspended in ice-cold RIPA-buffer (50 mM Tris-HCI pH 7.4, 250 mM
NaCl, 0.1% SDS, 1% deoxycholate, 1% NP-40) supplemented with 2 pg/ml leupeptin, 2
pg/ml pepstatin, 2 pg/ml aprotinin, 1 mM phenylmethylsulfonylfluoride (PMSF), and 2
mM dithiothreitol followed by homogenization through sonication (2 bursts of 5 seconds)
on ice. After incubation for 20 minutes on ice, the lysates are cleared by two centrifuga-~
tional steps in a microcentrifuge at 13 000 rpm for 15 minutes at 4°C and the supernatants

are collected. Protein concentrations are determined by the Bradford assay (Biorad) using
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can be performed at 25 0C (Am nco DW200O

dual -wavel engt h photoneter), ca. 5-20 ng mtochondri al
w@e@bedITsar e needed per assay: a) Aconitase (nBCREP20DH053338

super oxi de damage) (Janmes A9M et al., 2005, JBC

publ i shed on March 23, 2005 as Manuscript MO1

527200) . The assay contains 0.6 nM WhC , 5 mv
bovie segire albgnpn sémﬂm d. yual smoynts eﬁpwemémcaﬂxﬂ&’%o ug) are

o1 S AR TRty YRRy

diflagiide/PMDI)mébeblahd ybonddh Menst)cthro@ﬂ Semidry/blatting (TE 70,
Amgrspa ﬂhanﬁg’rﬁl'z%teéijs bRRBPA ol POt 1 B RS RISk g olution

(t) 1 1 [t)
[5% Eﬁgugr%g (231 @gt or pﬁ %D'rbﬁﬁiw%gg,?ﬁﬁlg&éiém comg)nsmg 0.1%

walm—ZQ)? andléutiAdd with hﬂm pmsay anubo@ sodutini(prepatedie THS-B4 %

il VB e R A S PROEH S e Ol Apa g gt is used:

HO41'L ghﬁ‘l@ib? '1”1'@0@‘ $r 38 d%)ie R%h @1=os§ RaBR WAt SodktitGvely EQiressed iso-

pecitic qUI none re cti on, expect ed acti vi ty I N
fordeDtZI‘(%thab ehdAdetim(1: é@OO,lngmaD@ﬁmmmwaﬂmﬁthemnary antibody

B

rad%f PBroxidayed)Ccdn ﬁ.@tdd%bé(ﬁfcﬁry dedbod B raltit snti-fSonsd, X 1000; Dako) for
(succi nate de (_:i‘?nase) (m)dl fi ed from G|

onefhaur gErogn 'r@mpp@,tlﬁg Liowring severeh ashes i3IBS, Aetectlon 15) performed

thr%%ﬁyéhgﬁhgfbﬁoxﬂg#ﬁceéi Aﬁgé\}g %g%/ e@c?f) 1?%?6 ﬂr@ ﬁﬁﬁgﬁgu&% The

inteisities oBhe bands danmelana]yseﬂ dlapsﬂﬁnwsﬂcaiw usiag €hcmrhmg¢1‘55500 soft-

for unspecific eductlo xpect ed
watod AR PRTEE0 HBA ReL 56 oS p IS o1 s SoripVRgriing
HO-£q Lﬁﬁvﬁﬂ mﬂ)m%&i&ibh%fmr«@ fudoR Bt ﬁé&ﬂrﬁh@wﬂé&omﬁ&&ﬁm DDC
Toxl co %y Letters, 146: 37-47. d) Conplex in
intqxisatestgroopref mum)aISQ,rm@itﬁﬂneUtiYm Beetin.according to
Stuart J. A et al., 2005, Free Radical Biology &
A ivalted devecas8 8f Dmmdﬁdﬁi) oveil'dxpremsay)f therhesionygnass 1 pwiler MitoQ

ookt oo T Sisgtd AP i e B By g -

corfli M%&ﬁg 20 MM Tris pH 7.5. Cyt ¢ reduction is
l'owed at 550 minus 540 nm Inhibition by 20 nM

In BH iéﬂﬁféx@eliﬁrt]l‘é lf‘e‘f%I Sarl Y evd! Eﬁ'ﬂ&?ﬁh@ i)ﬁ)télﬁ 'eg}gﬂess%ﬁi dadl (ﬂ"%ytokeratm

y mtochondri a:
8 kpewn ngbmﬁlcreasﬂdanenicerdmmbm mmxaaad;lon dSWgﬂpmﬁrgt Ghalt, 2001 Jour-

nal%ﬁe?gt 033'4%4}:_26%9-5 67§:) and/or cgt lCase re%'oge({) Dhbe re(li/|9 c%d% ﬂ@)ASH pa-

tients (Videla L.A. et al., 2004, Clinical Science, 106: 261- 268).

The protein expression level(s) of fatty acid binding protein (FABP) representing a sensi-
tive marker for hepatocyte damage (Monbaliu D . et al., 2005 , Transplant Proc. 37(1):413-
416) is determined. Western blot analysis shows a significant decrease of FABP protein in
DDC intoxicated mice when compared to normal mice. Furthermore, under MitoQ treat-
ment of DDC intoxicated animals FABP reaches almost control mice FABP protein ex-
pression values (controls represent non intoxicated group of animals treated with vehicle
only, see Example 3), thus suggesting the effect of MitoQ in treatment or prophylaxis of

diseases according the invention.
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e) Conplex IV (cytochrone oxidase) (nodified from

Stuart J. A et al., 2005, Free Radical Biology &
wOR@6O0IT8Y 38: 737 -745). The assay contai ns 1BCTEP2005/053338

reduced Cyt c¢ (prepared by4dithionite reduction and

air oxidation of excess dithionite) and 20 mM Tris pH

7.5. Cyt c oxidation is foll owed at%{)go Laus, 540 nm .
Thexanewtt 0f apgpteticasells jn eRypHalERERs glerived Qi IPW?‘}?aE@rlmce
s 5 S BESHERGS BlR ohf B RV an cs

pasE8 dmplumobistociahical standaed methiodakhoven it privs sirti (Balekded et al., 2003,
proteing (he ygenase T). To _eval uate henoxygenase 1
Thd oo O HRER st dh L A S E e cqtoracet fypppropriste con-

tmIEfe(i dative stress (Suematsu M and Ishimura Y., 2000,
pat ol ogy, 31(1): 3-6) standard western bl ot analysis

e ner . o . . X )
Tn 40385 BRGSO Sl R Bekted with
the \ahtidkidArtoéan(tibi detdradnddrbylisindviiidresteriBIssays (Stumiptneari(i. et al., 2001,

itself (see protocols | rANExarrpl e a Liver ti sulles are
Touned & Hepeieloey4: 6650810 ong PARBRIFA B SRPERPTRNR S9HEIC pH

7.4, 250 nmM NaCl, 0.1% SDS, 1% deoxycho] ate, 1% NP-40)
Examplsi 6 fonluation efithe effgetaf antiopidgntsiaccordigg #9 the inventions on

st at | 2 ng/m aprotinin, 1 mM
yhn yl sul fonyl fl uoride (PMSF), and 2 nM

blogﬁ E)Hr%ﬁléii@ﬁs

dithiothreitol followed by h ' [ e
SorbiIPeeh phfive Sposife P Sl BRMRASY it iR dictve,
Hoiilled Fdrceythapprodesh Mbagise 0f livéralanialie abopsdihg o thednvention. The

cleared by two centrifugational steps in a | e g
serwn devslscofiapimasgeglebuling hansoelebis, T-glutamylfFanspentidage, spiad bilirubin,

! t S j - i i-
el A PEURLAY Bl Sl fieadid B0 DD, g1 OF intoxi
catéBicoritesl) andsiongiymosnidire BBCH or GFcxposedamimals alsndwatgd with the tar-

eSS i o
38:28 2953 FONRY B itESbdnérdl finf 1BR! duidy hbdlRdiag db Exkamplede

?PV_DF) menbrane (Hybond-P, Amersham through _
Ac@]%gﬂ é%é%iﬂi%(?&l&b Gvgth(h-ﬁﬁ%azgemﬁi@sr 5 PR%ure vae%gi%ga RspeRially fibro-

hour at room tenperature in bl ocking
sis,ah bk isinnilfr%nmploked to md@aoT tHeaSfeahbifrdagmeddiof petiehtsiwith dhrese dis-
mM NaCl ., 3. mM KO, ..conpri sing.0.1% Tween-20)] and
eaSP%\YU’\%a?%‘H‘IWWCFH@“ﬁTorfh?i}‘vgﬂft“?rbody sol ution (prepared
in TBS-T/1% m | k) at 4C overpjght with agitation. ..
In SaFRrm. G0 o0 dest GIEKETOE TP UV IR AT Gl e e damage

ars% ilfribinUi1h AR ;mﬂi%% nsfelasé &Lﬁm?, e AtCARRStriBRThse
nan tl?ﬂ%g%%h P ve y ex%ressgd I sof or 2 (36kDa),

(ASWT/ GOAY tindh glntamaBO dehydBigymase, (GADIE) are detownined rcqonding to stan-
darH E)}orlcgégis 1%n<§ljjn?c%? Xjagnostics employing commercially available kits (No:
11552414; 11876805216; 11876848216; 11929992 all purchased by Roche AG, Switzer-

land) on a Hitachi /Roche 917 Analyser.

The reduction of serum liver enzymes in animals (as e.g. alanine- and aspartate ami-
notransferase, see Figure 8) treated with the compounds according to the invention indi-
cates the reduction of liver damage in such treated samples and provides support for the

therapeutic efficacy of these compounds in diseases according to the invention.
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sol ution and several washes in TBS-T, the nenbrane is
i ncubated with a HRP (horse radi sh

wEereniiisse) - conj ugat ed secondary anti body (r ab@I/EP2005/053338
anti-nouse, 1: 1000; Dako) 44or one hour at room
tenperature. Follow ng several washes in TBS-T
detection is perfaorned through chem | unini scence

Example I a/masurmn@;tp»éspar@vwxxg%gpeﬂeﬁ ROS) guﬂgﬂﬁ)secﬂwé
intensities of the bands can be anal ysed

To detectiin sztveg&newiony)f RSy 1viee apecimengdions MS@ffﬁE\m@mmd and

con?rA{ %ﬁg‘?st @ugrfesqqq © %&P@%@%ﬁb g 3%"?@% OW Ng Flld) lecular

Prob@_@ %‘&drﬂiﬂm@cﬂ atderding RO faddat DRotdcoil (8RN BravdenR A0 répalr €002, Free
I nt oxi cat ed@arloup of aninmals), or al ternat ivel

RadioBinl Med 452 (AT el R6d 1 80 PRE 8 Horpsomerile dagells And in the'pres-
encf BEQERARTALLY, PliahiE ISREXARIPET i b idEondby BRroalating with

the DN Etlidinge icexditbd ated88i row indiddnsenaission spengumooftﬁﬂe nm.,
invention. 1Q@ong termexperinents there can be

leavs@.}ﬂy%s%@e biBedica i OTCCFRERSBkABak @y Fincddk Eviopk A cttdrivonde,

known to be increased in mce during

DDC
Nethelﬂamds)cmda foorep ssmsﬂlqn& mmog@l-cwled lsm!@ne JRAspplggare dhen cut into

o TSRS o B R BB RR A 59 oh

pliedQ8 dachGhissid %tloﬁcﬁlﬁlmdes dr@@ub@@ient]&ﬁﬁéubaféﬂen prhgh‘epmtected hu-

d(?xpr essi Oga@ﬁfﬁ@o of fatt y dﬁ&ﬂﬁi@t‘?ﬁtﬁbﬁé@gﬁ@e solu-

W Gt 4%%@ I;Tf%% lsdbtidns afetthéﬂ tor be%qgrshp&ﬁamﬁé’hﬁége JfSKE is ob-

I's determ ned. Westeéern bl ot anal ysis
taing bymsmgﬂmmsﬁema miicxbecopyas dasef scapBng pomﬁoealmnagm@mth a 585 nm
i nt o&cat ed m ce when conpared to nornmal m ce.
long-passiiféior e, under MtoQ treat ment of DDC i ntoxi cat ed
ani mal s FABP. reaches .al nost ntrol m.ce,F
AngherpRonsh Wl SBBIBA g8 F 5t § DS Beaming oS Rr ek tch in
DD%( oy %ﬂﬁt@ﬂa@ﬂ' verdus €84t861 1Wet fissué 'ﬁblﬁg @ 1&bdhin SR&niluminescence

t hus suggesting the fect of MtoQin,
assdy @xterlach Aoet 3y am(y ICam Eesef87ﬁﬂi)8%6r§%)s Specimens elliven issue are

cont P OB EoBRAF L as2BFRb A BOR GeL D pagRgbvn mect, 1
MMCMI? 13RtroPK Mgmzss BRRSYTIKAY, 5.9 ninksl/Ii siuesde] ard £ amol/L

be sem quant|f| e anti_ caspase 3
luciganinme m%qlmrﬁce@tors The lghtrention bgbvaen superpyids and fucigenin is

det%ﬁ%deéﬁéggﬁwgsceﬂ&%i%e}T ‘SJ& oér%%%l{rgg 5[%119?& expressed as

aveddpelcopiits pbembmitd perlnsg dalymankdnfbammd qweoadﬁe’}Qahm peniod. The

| evel s in honbgenates of I nt.oxi cated.mce treate
chegilugpinescent s?gn ?Eata are revealed after subtractcing ﬁle backgroumie &emllummes—

cence observed in the absence of specimens.

This approach enables demonstration of the elevation of ROS in the liver derived from
DDC- or GF intoxicated mice thus mimicking observations made in the patients suffering

from the diseases according to the invention.

Example 8: The effect of antioxidants according to the invention on reduction of reac-

tive oxygen species (oxidative damage) in mice exposed to DDC or GF.
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t he antioxi dants can be determ ned by using
fluorescence assays (Stunptner C. et al., 2001,
wdad owsnad7sof Hepat ol ogy, 34: 665- 675) and conpRCEEP1005/053338
appropriate controls. Exangkte 6: Eval uation of the
effect of antioxidants according to the inventions on

bl ood par anet er s. Seru Ievels of pecifi.c . ..
The-gpngrad strategy omelines and fosege rmﬂPESi % Qﬁil%tpwet}on of

testblf YhintafSand ToR B fhrebttint RifB%hé E&tuﬁu&ﬁh?s%'é E@en@it:al' th YRS experimental

amage according to e i nvention e serum | evel s of
set-ap Mfom detehminiation bliz'atpbrpgbhngmabngngaluieal@de Example 3).
transpepti dase, total bilirubin, apolipoprotein Al and

Thetdpplicionadl the it} idadisaeording torbsinvettion; em wﬁatiees dBvitamin
i ntoxi cated, control, and_correspondi ng DDG- G- )
E, coepogaeiQuirirglutatiyions neredasq mimeHc.mievides a igant reduction of

ROST ) A0 0 15 A i st ros

in liyenduahge dndeleirionstratey thhethis daomge i mijigatedbyatargetinge. g.MitoQ/
Mg ar iV i g mitoceBib aymioh Pl S0t 4T BDS 1he rédiotion in
the ?«#v'e'l bEROY Iﬁ%{u%ﬁ Sl tBe RIS rac&fi‘&ng ftd BRhmple 7 dgoRltfRfhent with

atients wth these diseases with antioxi dants
the aa,rgcnedi mmmmmcme thei tberapdutic sEficagy of these eethpennds for the dis-

t est ed,.anj yups follow ng paraneters indicating
easpy %ngr%a%farg{ﬁ RaB: y bilirubin, alanine
m not r.ansf erase LT/ GPT) as rt at nat ran rase
Exqplks: Neppremen i Tearite o aery Sresise (RO iedieps ol Bned

deternm ned according to Stan dard prot ocol s

Anethersimple sgt afgTPeTmERts SHRIQKING ¢eli 1&}@18;(6 g\r}%m%%%ﬂepﬂl

e s

Profdechérm, G&ﬁnahy};lﬂ;sHm{-Thamaa@aminm -aferived cell line/@apanese collec-

RS SOMEL Skl B 55 i R 8 i

(ATCONIE YESs BIE €19 dgivb® fbhEB ADYERAbIRIMATS A palsvs H€asurement
reduction of |iver damage in such treated sanpl es_and

of 1@@8@@@@% pribese dells upm%m&pf&mpe Atedytathiope synthepis mhibitor

-bu n@oungﬁ%gﬁ%ﬁﬁgfemg%g ﬂ\% 51?%13% at1ve tg elevate endoge-

nou RREdaeiTe FIRSBYKit6 ML 812002 Bioohén Biopie;tsems dolmmmi ,u291(4) 861-
eneration of ROS in liver specinmens fromDDC or G-

67nt oxi cated and control tissues, fluorescence

. phot om croscopy w th di hydroet h| di um (DHE, Mol ecul a
Sinpe 69Ek)hap secpnily beemstiown o ptfedi gnitashandriaddvag ¥ %@K@péﬂ’l 2004,

Nelgr%ch 'Leﬁ.r, %99:%%-9‘6) b orfdbr & measai¥os 'I:){‘(ﬁﬁctlon in differentiated cell lines,
HepG2 are alternatively stimulated by 100 uM CoCl, (Sigma) (Bel Aiba RS, et al., 2004,.
Biol Chem. 385:249-57).

||

:!

Another approach well established on cultured cells (as well as in isolated cell organelles
or the entire tissue) allows measurement of the ROS production induced by antimycin A
(Figure 10) according to Chem Biol Interact. 2000 Jul 14; 127(3):201-217, or by rotenone
using lucigenin chemiluminescence assay (Goetrlach A. et al., 2000, Circ Res., 87(1): 26~
32).
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Radic Biol Med; 32 (11): 1116-1 122). DHE is freely
perneable to cells and in the pres ence of Ois
wo@ziodiee® t o et hidium where it is trapped i n PEEEP2005/053338
nucl eus by intercalating w4sh the DNA. Ethidiumis
excited at 488 nmw th an em ssion spectrum of 610 nm

Li ver. sanpl es are enbedded in OIC Tissue Tek (%Eura )
To deteraink ROS preductivsdn &ongsamele hepaioma ol dwys a standarg sxpperimental

. Al ¥ j g .

oot f el RO R BBl E T AARIARS ocHE IR, FEnRIR 96-well

platgé Asqultatd WediumIDMEM Qipblethentad(Witk 00V RCS, (Gibee) ta80% conflu-
plied to each _tissue secti The sl ides arg

enciy ybeRgUEH Yostid FEE BH SR And SiouBHEd Bt (e dBticHiTADEL (10-50 M)
for ??I) %%*t@ss\datﬁ?aggﬁfﬂsaz{re e vfzé%ﬁe@%riﬂé Yith §BankNhatar B shif sbldion

ered saline solu tion (PBS) at 370C.
(HIBSS; Giba) ite renavecextéms iyt.dlberesenes simepteded Miveflioresgenasfmicro-

DHE i s ob _tained usi hg fluorescence m crosco or
SCOP%@%’“@E%! @“S@&%@P&Vﬂ magi ng with a 585 nm >
| ong-pass filter. Another approach wel st abl i shed i
Alternatively, thy sention 8 RO m%mé@ywwdgﬁ ﬁB?FOPWle%c@m%B)'
Cea . RNy . .
iR, P BRI SoAdhtel ditels bt semgrCIDA,
MoRQ0Rr Pfabes, (ReettingeB,7Gdmangpwhkh. is Specitnd trsfladrescentdichlorofluo-

i eSO B g o Sl ¢
detear%néné?@ﬂ? ‘ﬂlki?MBanqa irPa fHbPIbteltehder T Ecai Ofailkheiinl/Gefgany), cells

mmol /L |l uci genin as the el ectron accegotor. The

(e'g(.j HphG2y gallﬁﬂ onSNU 388 aresgrpwndn Peavellplates tq §h canflaency. The
et ect [ . i . )
celFispet ReNEaBiRo e Bt BERAG AL cBRHEh (B8, Gibeo) and incu-

batédPithe daRwith M-ELDEFDIY(8B MM) idssoredaHBSS dontaiting N-w-nitro-
15-30 m n period. The chem | unjnescent si ggal dat atﬁlr{s
L-argivisa mabdester (sHAMEe 10 HYD(Re GeNtriad C to prevent the forma-

tiof GAGH! R%P?e?fﬁi‘ (asie %ﬁfh\éﬁﬁss 'ﬂ? o RRXBEE Ay e fluorescence is moni-
specl nens. I'S approach enabl es denonstration of the
torezl gvasing480ofim REGtationtand 540 ey endission swvélength ODCF flmoresrence is
i ptoxicated mce th m mi ckij ' de. i
stndpiied Pt wubra e s i pRd o e HE B R Riplg e

mafn!&ﬁcth%&"% BhdtRR o @IRN8r3; NARHles Behbhm) BridHy, 6istaditubated

according to the invention on reduction of reactive

withXlgrear Blve dn phospbateduffered salinea@BS)i pH fidcat 3355 6@ alow e indica-
T . i 7Bl .
o PRl By B BRI B bR R e GRS s

theR RieABIred antle waweleigh bf 58@AmMeENt Wi th the anti oxi dants
is identical to the experinental

Optionally, ROS production is assessed by flow cytometric analysis of CM-H,DCFDA
stained cells. The cells are detached and harvested by trypsinisation, collected by centrifu-
gation and resuspended in HBSS at a concentration of 1x10° cells/ml. Cells are then loaded
with 8.5 pM CM-H,DCFDA for 15 minutes in the dark at 37°C before stimulation. The
DCF fluorescence is monitored by analyzing 10,000 cells using 480 nm excitation and 540

nm emission wavelengths in a flow cytometer (Partec, Muenster, Germany).

The hepatoma cell lines incubated for up to 72 hours in culture medium (DMEM and 10%
FCS, Gibco) supplemented with DDC (ECs¢=50pg/ml of medium) or with up to 100uM
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set-up used for determnation of norpho |ogic

abnormalities (see Exanple 3). The application of the
w@niososs78ant s according to the invention, e.g.PCI/EP2005/053338

derivatives of vitam n E, déenzyne QL or a gl utathione

per oxi dase m netic, provides a significant reduction

of ROS levels in Ilver(si5 exposed to DDC or G-. This
BSQeseanotiiensuitahle inwitrp arade obsermetipnsmade,ia patients suffering

ol RSPt T 0 L
e e B i RO Sl reution o

oxi IR VOE N A5CR IO Y, BSO L adfRlyRin A! U-pﬁbg rotehdh 6y Mhtovichted di€CoCl,

. targeted antioxidants i ndi cate t herapeutic
indgtdd adturedfcedhese conpounds for the dis eases
according to the invention. Exanple 9: Measurenent of

By empluyingestandarbproteelsiand f61RGEng igandrahstiategglof tinierlies according to

Exaraitp O fop Suipe el DE AP DC S et a8 A simulta-

al =
o558 BRI S bt (ARl o

0.5t donblieQ ahsk ECwd 44 6 nM far Mite i Peaceerdingdp | JawsliniM4.. gt al., 2003,

eASERSE e 830874397 B Rk R 5 Bt
In S3pR BT GURRE LB SRR M R (emiT 22 WSl At

R.S. Bf X004, | Bibl Chef 989219 STE FSHGW g&h§e)tpéﬁiﬂ%hta® ket up described in
L-'but hi oni ne- (S, R) - sul f oxi m ne is enpl oyed as_an

Exaiple OnHiepG celds ase platadcoren YotsH alage e&d spaumsgareed g 46 hprlor to

oy B IR s

GiHce) ﬁfdc 1a6iibatid With Mide i dohuagrafivn aage iﬁfmﬂ% 10 ;iM(M the respective
Neurqgsci Lett., 371:85-90) in or(fer t

amwns ot DS (Sleiin) A Bk ma R dpdderio B E‘F@ﬂl gppeentration of

&gﬁé llﬂﬁu%hfe%ﬁf e g?é’ fo]r%ﬁ erfrinM ggt%} lg)gﬁg FBhediBYd removed

anm@;th&mmddad hommlningeMitaQI and IGaCLo( 00 M) Thd ﬂ@etes@nce is

ERER TR R OENE T Y O

al. 2065‘%&12%&6@161%&@8%1@53(9Ufe 10) according to Chem
Biol” Interact. 2000 Jul 147 127(3):201-217, or by

m:%%@ﬁgggqmﬁzw&ﬂs m%&%gl $ ﬂgtyétﬁ ed;lu%\%%ﬂx%&)%ﬁ%s production.

CoCl,-stimulated ROS production (100 uM CoCl,) is significantly decreased by 5 pM
MitoQ suggesting that antioxidants according to the invention significantly decrease basal
and CoCl-stimulated ROS levels in these cells (Figure 9).

_)

Another approach allows measurement of the ROS production induced by antimycin A or
rotenone by using lucigenin chemiluminescence assay (experimental set up as in Example
9) in e.g. HUH-7 or Tib-73. HUH-7 cells are incubated in 6 well plates and stimulated by
using antimycin A in concentration 0-25 pM (preferably 0, 1 and 5pM) simultaneously
with or without MitoQ (or MitoS) in concentration range from 0 to 1000 nmol dissolved in
DMEM (Gibco) for 3 hours at 37°C. After 3 subsequent washings the cells are equili-
brated in plates containing 1 ml of 50 mmol/L HEPES (pH 7.4), 135 mmol/L NaCl, 1
mmol/L CaCl, 1 mmol/L MgCl,, 5 mmol/L. KCl, 5.5 mmol/L glucose, and 5 pmol/L.
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32).To determ ne ROS production in for exanple

hepatoma cell lines a standard experinental protocol
wW@ewoenei7ay t o Exanple 8 is applied. Tested hepBCDRB2005/053338

cells are grown in 96-well 4plates in culture nedi um

( DVEM suppl enmented with 10% FCS, G bco) to 80%

confl uency, subsequently washed wi th HBSS and
lucigﬁmubatmtblewmmcmm The lightmegetion betyreenispperexidg gnd lucigenin is

e s Zf%%é@“@%% off, Grmany). The

chetiR@fifiesddifte sfgndDisesprRERd aJs 3vd§fag’é édﬂh@bdr Moiflute and normalized to
fl uorescence mcro scope Hanbur

cellmunehen ay defemgined %C@bw KGﬁSYo?GChEﬁng ¢ —System,

the fl uoroprobe 5- (and- 6) -
G‘eHan g?omet hyl - - di chl or odi hydr of | uorescei n

e e

furl‘ﬁbﬁéﬂnﬁh@fﬂ ﬁi‘gblﬁ{b Kdﬁ@ﬁt ofhiéchoadtisllyTtargetedaintiox idafd in liver
Ant i oxi dant s edox Signaling, 6 : 713-720). To

diserdets pa¢ardingro theyayendioance in a nicropl ate reader

(Tecan, Crailsheim Germany), cells ( Hep&2, Her 3B
ExampkNU: Eyaluation of efiect ofrangioxidant cgmpt)@ls(?&@ Budg mice.

confl uency. The cells are then washed twice with
Thé-penicrad shstegytoadbtaratine the leffect(s) of HiSShor@rially yargetad antioxidants

kT RN TN —
tredRbMYJarf %rﬁﬁ déderibétMbové Qor'IM)Cf- of GFQntokivdted nidt (atébrding to Ex-

prevent t forma tion of NO After several washes
amples P tcHB)Elsltumtmrm;éommmsg@prmmm @y@é\aﬂpun@g RERRD epithe-

il g8 Bt oo apts OB inbER BB et B T5F i mice

fromUTHeks Riveys BibdRatofied, TS0 mmnbheelplnaamr thiaey ’amirs that are
according to the manuf act ur er s i nstru

xenogradied slequtanepysly F@@fdl%ﬁﬁ tapdprd metheds &5 Ilgeqt L, 2j0d, Cancer

\ t
R AP SIS PHARRE of53tbeBOARPIAR By B 1 corinomas o
thetbpeast) amgh ahd non-sinell ozl iimg@drc@tdmae prastate endrg, papcreatic tumors
({educ d (red) form The absorbance is then neasured at
Ryt h of 580 nm Optionally, ROS production
i's assessed by flow ¢ytonetric an

Tumpr el cell Habs (arove o PAIEMA e FRENIE Barerdys Dermispgrowih,
wadHed Rl 'v@ﬁdi’ﬁg rg%%gélﬁﬁﬁ?ﬂjl by Piﬂ"gzr sk qga&él@ﬁnl? Nghd injected subcu-

resuspen at a concentration of
tanemisl)&btd the @izht Barkr of & tele nhavese @dsduthymy:. 758¢/peyHevlap Winkelmann;

ageﬁ&)@tween anli.!lt v%reelkg) etltrgex ?86 cl%lls mo?ﬁZeC ((P 7 Eﬁf q‘usr’r}o'r réyov%m i€ Bionitored
every other day for the indicated periods (depending on the cell type). Tumor size is de-

termined by the product of two perpendicular diameters and the height above the skin sur-

face.

Treatment of such mice with e.g. MitoQ (MitoS) demonstrates reduced growth of tumors,
increased necrosis of the tumors and decreased vascularization of the tumor xenografis.
Similarly, the levels of ROS in nude mice tumor xenografts are monitored as described
above and are reduced in xenograft tumors treated with the antioxidants according to the

invention.



DCF fl uorescence is nonitored by anal yzing 10, 000

cells using 480 nmexcitation and 540 nm em ssi on
worwelestgt hs in a flow cytoneter (Partec, MienBCEEP2005/053338

Germany). The hepatoma cel M6l ines incubated for up to

72 hours in culture nmedi um (DVEM and 10% FCS, G bco)

suppl emented wi th DDC (EC50=50ng/ m of di u
It willbe @pﬂ@@fﬂ@ﬂé@%ﬁl@eéﬂ% gt yarisws modige %@Bﬂ?&’&@ ade o he

compﬂgh é)gggeg%e\é ?rf Jﬁ@ ﬁlv?Rt‘?(ﬁl 'I'ﬂu? \qlfefrs] ?x{&%ﬁndeﬁ%iﬁﬁé ﬁﬂasélft HVention
cove'Efsaclefﬂoaiﬁcaﬂcfmst dn€ vaﬂhﬂlcms; pi@nided disayarothewithio thehs;:ope of the ap-

i nvention _on _reduction i dative

pendssistaiman o A AR ALongh, AT eIl i P g dppoporated n the
: ' d cultured cells. By enploying standard

ent]%%%%é%#s g%d follow ng general strategy of tinme |lines
according to Exanple 9, the human cell Ilines
i ntoxicated with DDC or BSO respectively, and sinmulta
neously treated with MtoQ MtoS or MtoVit E (in
concentrations corresponding to ECsO= 0.5InM for MtoQ
and EC50= 416 nMfor MtoVit E according to Jauslin
MX. et al., 2003, FASEB J., 2003, ( 13): 1912-191A)
provide a significant reduction in ROS formation. In
anot her experinent Hep& stinulated by 100 nM CoC
(Sigma) are used (Bel Aiba RS. et al., 2004,. Biol
Chem 385:249-57). Follow ng the experinental set up
described in Exanple 9, Hep& cells are plated on a
96-wel|l plate and serum starved for 16 h prior to the
experiment. Hep& are then washed once w th HBSS
(Hanks' Bal anced Salt Solution, G bco) and incubated
with MtoQ in concentration range of 0.5 to 10 nM or
the respective anount of DVMSO (Sigma). After 15 mn
DCF is added to the cells (final concentration of 8
mV) and cells are incubated with the dye for 10 mn.
After loading the nedia is renoved and fresh HBSS is
added containing MtoQ and Cod 2 (100 nM. The
fluorescence is nmeasured in a plate-reader (Tecan
Safire) after 0, 10, 20 and 30 mnutes (D ordjevic T,
et al., 2005, Free Radic Biol Med. 38:616-30). Already
unstinul ated cells treated with 5 nM Mt 6Q show reduce
basal ROS production. Cod 2-stinul ated ROS producti on
(100 MM C0CI 2) is significantly decreased by 5 mM
Mt oQ suggesting that antioxidants according to the
invention significantly decrease basal and
Cod 2-stimul ated ROS |l evels in these cells (Figure 9).




Anot her approach all ows neasurenent of the ROS
production i nduced by antimycin A or rotenone by using
wo ewsgesTsn chenmi | um nescence assay (experi nent BCT/BPI00&/(53338
as in Exanple 9) ine.g. H4H 7 or Tib-73. HUH7 cells
are incubated in 6 well plates and stinul ated by using
antinmycin Ain concentratign 0-25 nM (preferably 0, 1
and 5m\V) sinmultaneously wiGABMS; t hout M t 0Q (or
MtoS) in concentration range fromO to 1000 nnol, e )
1. disssdflaweitochandyiatly targeted @ntiexdarg camppuncheonpring afpephilic cation

PR S R ag b G iy il e oot o Chmept for the
eaimdat BRplophyaRiSolf fiver(@isdsseslandrapithélialgdsicars. 5 mol / L
KA, 5.5 mol/L glucose, and 5 mol /Ll ucigenin as the

2. OMRUsE QELoRBRE RS Claim TNEhédrbigifthe Ii iR cakigh Y88 triphenylphospho-
superoxi de and lucigenin is detecCted using a
5 ofgnichtion. nescence reader (Lumi star, BMG | aboratories,
Germany). The chem | um nescence signal is expressed as

3. atenaegeccooding so Plimii or wheraih the compounechas thecforhula

4

fydremX ishelinkisgpgoapZ peanshigmandRds an etibxcdznt mofiaby.
DDC- or GF intoxicated mce (according to Ex anples 2
4. UThefse Bbdording t6 EthiRBOWEMEin tHEBMAnOdEE 8idice R ivheminone or a qui-
har bouring human epithe lial cell cancer xenografts
10 @elde nice tunor xenografts applied to e.g. CD nu/nu
m ce from Charles Rivers Laboratories, USA). Tunor

5. cdlhie usé aesording py Climy whareinshe ermpennd hee thsfeantlad

6. The use according to Claim 3 wherein the antioxidant moiety R is a glutathione per-

oxidase mimetic.



washed twice with PBS, resuspended in 1m PBS (2.5 x
107 cells/mM), and injected subcu taneously into the

wo p@enoF7sank of a nude nouse (Hsd: at hym ¢ nu/ neCT/ER200EH053338
W nkehnann; aged between 548nd 6 weeks) at 5 x 106
cell's/mouse (0.2 m). Turmor growth is nonitored every
ot her day for the indicated periods (de endl on the

7. ddkluse gt miteghendriallydarggtcd compayRbaFcpYf: ) i oheggin the
t di d the h ht bove th
R TR %Jf’ert? illch nice " 5. M 100

0S

8. “HR3Re Blorkifflsd L1 e aﬁemcgm | Rii§3bABE from the

€ conpositions and processes o
5 | digédneiting b sitarhin B Snd Vltmd é]jddﬂvatlvéshehqm bregkiing antioxidants,

bgésgata'gggtyﬁéﬁa uch [mf tédgg% and v r| at i O’é’ibaé]écal scav-
é@n&&ﬁné aawatﬁ@diﬁmg{eggé t%gm%d bs Mmﬁgaemveg bfesls —

e|n are Tncorpora eir entireties
rchheﬁglpgaﬁhﬁb Meoxiide, we—bufyhaﬁmqbQMﬁmndai-p@em’gt@%b@mlmmne
ant i oxi dant conpound conprising a |ipophilic cation
9. CThealseatdording tp Chamtowhererthe entiicddent moiiety R is vitadin E or a vita-
preparati on of a medi canment for the treatnment or
10 ﬁ?@pﬁl?ﬁ’%‘i@l ¥eof |iver diseases and epithelial cancers.

. The use according to CCaim1 wherein th
10. |Thﬂmpnp¢qr@ngé@ Clﬁm hﬁ'émtth? s%am&f‘oﬁrfa 3

£

11. The use according to Claim 3 wherein the antioxidant moiety R is butylated hy-
droxyanisole or butylated hydroxytoulene.

15  12. The use according to Claim 3 wherein the antioxidant moiety R is a derivatised
fullerene.
13. The use according to Claim 3 wherein the antioxidant moiety R is a 5,5 —
dimethylpyrroline N-oxide, tert-butylnitrosobenzene, a-phenyl-tert-butylnitrone and

derivatives thereof.
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8. The use according to Caim3 wherein the

antioxidant noiety Ris selected fromthe group
weonsisl7sng of vitamn E and vitam n E deri vat PUBBP2005/053338

chai n breaki ng anti oxi dant49 including butyl ated

hydr oxyani sol e, butyl at ed- hydroxytoul ene, general

radi cal scav_engers including derivat idghedﬂflul_l er enes,
14.5 pThe vseagsording Qdilaig Loty the sogpoundshas the Tormula

di VT:

hydroxytoul ene. 12. The use according to Caim3 .
15.\{Fleer wseractdrding rio IChadindhwherein the Jinking greupi¥ris & & ta€sh carbon chain,

fullerene.. 13. The use accqrdi t aim3 ' .
SRR eloie ot 3537 ROFGE & BLE BorkdsT el Qe ninging one
NorGhsbrd @nstitRtitutét dohbititted aiksN z2@amyl or alkynyl side chains.

a- phenyl -tert-butylnitrone and derivatives thereof. 14.

16.313% ‘?%?ﬁﬁ‘ffgﬁ%% CaikC1 v RéBinkBe ﬁﬁﬁhglo &Ux ié?gl‘]?%zwﬂerb aSs an

5. The use according ai m erein
tinteger fitonrigto@Ooup X is a C1 to C30 carbon chain,
optionally including one or nore double or triple
17.0Dircksse aacutdimgtto Qg 16 wherkindhe tinking gooupn®isan ethylene, propylene,
unsgPstitutfd or substituted al kyl, al kenyl or al kynyl
shutileps, peniyleng ©r degylenegIoUR. cor ding to O ai m 15 wherein
the linking group X is (CH)n where nis, a _i.nteger .
18.¢ Flsnise ageprding ta pne ohElaime3 40 Lhwheredn the apjox; 413 g pharmaceutically
' ol 1 nking group X is an ethylene, propylene,
but'yi ene, pentylene or decyl ene group. 18. The use
ordin OB 3t wherein the anion Z
19 B8 Sniba IRy F @bz sPdel O €10 The Use
ordin 0 {m1 erein.Z. 1S .nalide. 20. The use
20.oLheypsgiag °f§1‘&gg>§1m§ %%YP]&% lzbfog,mg?‘om de. 21. The
21 .g’fliea&é?agg(%&&%ﬁ) &]%ngi#ngrﬁesrem rise Ithrc]e a%iolnsotI atﬁeallgaglep or a%fls%r%onic

acid.

22. The use according to Claim 21 wherein Z’ is methanesulfonate.

23. The use according to Claim 22 wherein the compound has the formula

24. The use according to any of Claim 1 to 23 , wherein the liver disease is a disease se-

lected from the group consisting of alcoholic liver disease, non-alcoholic fatty liver
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acid. 22. The use according to Claim2 1 wherein Zis

nmet hanesul fonate. 23. The use according to Caim 22
wob@se0iTse he conpound has the fornula 24. The BPGEEP2005/053338

according to any of Claim®to 23 , wherein the liver

di sease is a disease selected fromthe group

consi sting of alcoholjc Iiver_ disease, non-éai coholic

fdiseage, stegtopig; ehodpstasisslivercyghasis, awigienmediated liygrdpjury, toxic liver

C . - . AN . .

il i tvek s 3o R Al b i, oo et fivr dis

| das& dpmioshrofiatazisnaiphatl amitiyptiadiclicieacy, dadiatiasmediated liver injury,

henochromat osi s, al phal antitrypsin_deficiency,

56T SaTceR, Deaian Jiveimng s japd @c{afn#%ﬁweaw@é}% beni gn

| i ver neopl asnms and focal nodul ar hyperplasia. 25. The
25./Bhe use eeganding te anmek/Claims 19 A3, vaherqin S livgr disgass 1¢ A disease se-

4V, S IS, a..dk . :

JoEl EPBE Bfor o B AE SRR 1l REb Hdab B afecBbl Pt tver

f diédaye, Istedtoris dildassis, Hvaaimtiss, nathidbasnhatdted livénirjury, toxic liver

cirrhaosis, nutritjon-nediated |iver i ng' yury, toxic ) .

| injpsy, infeptious Liver diseasp.oliver iy in PR 8ufo ¢-megiagd liver dis-

i T s

e oo U Rl TR AP e leRly, S FroRBEn modipted fver i

rjach. at i on-nmedi ated liver injury. 26. The use according

to any of Clains 1 to 23 wherein the |liver disease is
26.al10l0 latorlling &6 aslt SEERIEMOL 1 2P whkreimhihk livef dis¢age ks alavholic liver

di sease. 27. Th?, \L}ste ccording to any of Clains 1 to

disegprpingn-alpRholic Jalty Qe Liseass s al cohol i c

st eat ohepatitis or non-al coholic steatohepatiti

. .28.
27.hhe wss ecesmding do pnyt o£Glsiras 1 i 13 whatcihedivardivese gﬁaﬂ%@‘%‘)ﬁc stea-
f‘rﬁgpq%ﬁﬂgop nqﬁlgbﬂlﬁicts?ea?d(%ﬁo ’cisg:I aims 1 to 23 wherein

'ver disease I's a I C steatohepatitis. 29.

9
The use.accordi.ng,tg, any of. Cl.aj '
28, iR BBubo R rindtastis Bl ohbodrs HREHEhE 4 of
Lskired 1 & 28 wheleinee liabd disdase Bellethote keatshemritis.conpound
conprising a |ipophilic cation covalently coupled to

29.3TheAlkk lafedr8mBYo BB 8F @lafAs 1 §d 23 iwkBHRin Mk 1ivePdikdsaxd fonddlcoholic
liver dis eases and epithelial cancers according to

ofentalfepditid. ms 1 to 29. 31. A nethod of treating
patients with liver diseases or epithelial cancers

30.viisecdf acmitpeliondsialtydiat getest antipriglantocoripeupd conptising a igephilic cation
Bt CoHl GG GG opie iy rge Rt gophyaxis of liver dis-

eases and epithelial cancers according to one of Claims 1 to 29.

31. A method of treating patients with liver diseases or epithelial cancers which comprises
administering to the patient in need thereof a therapeutically effective amount of a

compound according to one of Claims 1 to 29.



