METHOD FOR TREATI NG FI BROSI S AND CANCER W TH | M DAZCOLI UM AND

| M DAZOLI NI UM COVPOUNDS CROSS- REFERENCE TO RELATED APPLI CATI ON

(0001] This application clains benefit of, and priority from U S.
provi si onal patent applications No. 61/006, 769 filed on January 30,
2008, the contents of which are fully incorporated herein by
reference. HELD OF THE | NVENTI ON [ 0002] The present invention rel ates
to nmethods for delivering an anti-fibrotic or an anti-cancer agent to
a cell, includMBTHEOPEOR TREAERNGEHBROSISI AND CANCGERWIdkter .
BACKGROUND OF THEVITRVERDT FUNQONBIIVEDAZ QL INEUN CORBHOENDSCs) pl ay
a pivotal role in hepatic fibrogenesis and are considered a ngjor
cellular target for therapeutic intervention. However, no approved
anti - fi bOROSSREPERENCE TU RELNATEDCAPPTREIATIONO4] Hepatic
fibrogenesis may be incurred as a result of insults arising from
oxidative stress, chemcal toxicity or viral infection Thus fibrotic
di sease, ﬁl%&f udHHgARpLration flamsbenstit ol admaiery fromy U grogsiop Patent'apﬁlcamns
physi ol ogibca1lood,76fE@ 68 Jahtkay 30) 2008, B8 epnt@SSEFGIhadheeh Milf fo@ydratad hevdn by
stress. Fqr exanple, oxidative stress resulting fromthe netabolic
gener at i BHF'B®ROS has been linked to |i SC activation and |iver
fibrosis (Britton et al. 1994, . Tsukanoto et al. 1995, @Glli et al.

2005) . | ETRAD OFCTFHEHDNN BNTEIONt hducts of |ipid peroxidation lead to
i ncreased col l agen synthesis by HSCs (Casini et al. 1997 and_Parol a

et al. 1 [0005] Reactive oxygen spegcies. (ROS) are oxygen. .
Gor vat i P00 | e R o G R BB By b R Fo Y B0 i omcer
nol ecul esgestioh cell ipEdngintkgmdafodtrexiyg Sbrotedikasst orveser. Oxi dat i ve stress
occurs when there is an excess anount of ROS due to an inbal ance

bet ween QE;H%I@GW r’l"ﬂ# A ion or neutralization of these
nol ecul egA cess amlrjt?]?s 0 %ﬁ?}%nﬁge cell lipids, proteins and
DNA resul ti ng in the inhibition of nornmal cell function or the

devel oprEiP03bf Henste stellatecnells GISER) Matranivasthizolpdn hepatiedibragpocsis Al 3@ad t o
a vari et YorQlicdd 8 aRESIRA f&&gﬁ@ﬁc SEPRAALD FIARvENE dpBloléd anti-fibrotic

affected. ROS have been inplicated in many physiol ogi cal “di sorders
and in tAeeérreeenty s fev@kSpment of a nunber of di seases. [0006] Sone
anti - oxi dants have been explored as potential inhibitors of hepatic

fibrosi s{0004] Hepatic fibrogenésis may be incurred as a result of insults arising from oxidative stress,

chemical toxicity or viral infection, Thus fibrotic disease, including cell and tissue fibrosis, is

among the physiological disorders that have been associated with oxidative stress. -For exémple,
oxidative stress resulting from the metabolic generation of ROS has been linked to HSC activation
.and Hver fibrosis (Britton et al. 1994, Tsukamoto et al. 1993, Galli et al. 2005). It has_ been shown
that products of lipid peroxidation lead to increased collagen synthesis by HSCs {Casini et al. 1997
and_Paroia et al. 1996).

[0005]_ Reactive oxygen species (ROS) are oxygen derivatives that include free radicals and
non-radical reactive molecules such as peroxides and oxygen derivatives. Oxidafive stress occurs
when there is an excess amount of ROS due to an imbalance between the generation and the
elimination or neutralization of these molecules. Excess$ amounts of ROS may damage cell lipids,
proteins and DNA resulting in the inhibition of normal cell function or the development of
abnormal cellular behaviour which can o turn lead to 2 varigty of diseases_ and conditions,
depending on the cells affected. ROS have been implicated in many physiological disorders and in

the onset and development of a number of diseases.

[0006] Some anti-oxidants have been explored as potential inhibitors of hepatic fibrosis



(Kawada et al. 1998). (-)-Epigallocatechin gallate (EGCG, a mmjor
active conmponent of tea catechin, has been shown to inhibit HSC
activation in vitro via transformng growh factor-beta TG B)
signal ling (Chen et al. 2002, Nakanuta et al, 2005, Fu et al. 2006).
In clinical studies, a conbination of V|tam ns E and C was shown to

decrease,J he fib ore in I|c st eat ghepati ti

pat i ent s453fa E&?%?f?éf (E%P’&ﬂioc t@%ﬁlga@ﬁf’ EPnaRrighaoEEs ‘}rjoﬂpg?f’ﬁgogtte

2003) . l\bamemias by shiceine JHEM@“)SC a@nﬁa&iﬂﬁ ekt LviPheRibhBiag glfafmqhmaiem one
(GSH) that h s, been clinical | as an_anti oxi dant,

Sttt bR RERHERen G4 PRI ob ARy B b A0D. apnpq sndics,

signal | beﬂaﬁ@zﬂ&qﬁﬁﬁn% afSC Wl ihoﬁ%ﬁe@t’éas@&he@bms%@%&mmn alcoholic
[ 0007] Oxi dat i ve stress_has_al so been associated wi.th the onset andIa

pr ogr essTEPIERaEpRERHS, bR dident afiekbrppdiaflamgaetion Q@%%?P&%ﬂ% 2083)s Nrageigl

i ndi cat eghsiite NEAUS ssim@:@hé prEti- G261 1B NBVHEGRED ikt Raks BSenicBnicali3 $62a6E &t ed
with the devel opnment of g}pl mary carci nogenesis and netastasis in

clini cal %&aﬁﬂ@ﬁﬁ%owe@m -fiprogepic rowseigy thraueisthe syrprastenolifISHhsienslBgus e

DNA danmeg@sdudfdreRAHeNavbig: of kiS¥0gf, DNA nutation and thus the
devel opnment of cancer (Hussal n et al. 2005). Tea pol yphenols are

anti - oxi d.have been own to,i i1 carcinogen-induced

g | OB e P ke from psrripto g R Srin SRl ah o

cancer s ‘Kakbein réorted that 201} ve-stréks aﬂdmbammy rédibcéd oiotiiatitendIBN acifivities is -
NXY- 059 have ed antj-.cancer. acti Vit cel.l

Dt o1 mor e SR s R Bl AN R BEeat dnf st BSER iR pitels (v

ant i - oxi danges). @ﬂSsItamg%e tbune toecianss DINFCdaprige {nvizhdin the xisof Dmgtauon and
0008

|[nf ecL oér%%orﬁ%cf]Iv %‘%?J sa%ﬁ% &? v nﬁpﬁ% %@}aﬁuF) gﬁfﬁﬁ%ruvgne

system MP@wommbbﬂ n@dnwmnrsiucsstm é@snagyuxﬂwmémod@iheﬁskﬁxumsaecplon liver

acti vat eanﬁ%lﬁkﬁfeaﬁ@éalnt—sqrs (R Do) B @&%&@% Bf;al afd@ETogMRvE hat

fight off the infection- or repai’r the Injur LI ke oxl dative stress,
i nfl ama%eawys%teﬁé%%@@cmvté&%eremﬁg@%ﬁraﬁa@awaat Wlors'iiBQQﬁﬂu Howveelige and
cancer (dRakkhesNahRidniZA0ats TSLHGRUIRY BmEihs Aicte o eBacken. et al .

1992; Vasiliou et al. 2000). For exarrpl e, in-the deve1 oprrent of liver

fibrosi Ia acritical ro Respondi.n Vi Cs
under goS[a (%jocess m}éla e:?mrﬁséptofwveé %b%]ﬁnmune&ys[t%nge LR %ﬁ%uon%}‘mﬁég d
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[0009] |dadhRnm®tare (ﬁé{&ﬂlﬂaﬂgén b&SY ﬁ%ﬁé}ﬁoﬁ@d i r19§'99 oSOl & all Pg"gzﬁiia%ﬁou et
activation. Anmong them transform rLgBYrOWt factor-beta | HQS@RF if 1)

and i nt &-1280R; ﬁm@xemmieeathﬁ&v@lq@@éw o Gibrosis S5 e lgracritipnl gponding
cyt oki nes i@y, HRSRABSEDE Srobs cAIRE “aMANEH 2 tofs-FEEYERLALS pSibroblast-
(Tsukampto 19 . HSCs respond to TGF- 131 secreted from Kupffer cells
and endd#%?ﬂsa?‘hlwmeéslaalﬁr%ff&n??%rpwmwha%ﬁamﬂﬁ@ﬁg e\ madliferptpn, over-
aut ocri Q‘&%@&‘sldn%ﬁ smé RS bdcldeih-B, (SW%ARGhE ¥HokiBth msitrédem&r thdf @BHD

(Bachem e 92).. In addition, the activation of HSCs can aI so be
attri butPéQie%m@hlﬂ@EP@HﬂS@p@Pff@I@)r@qlbfﬁrmdlf@ﬁonﬁmﬂough t he secretion of
proi nfl ammatory cytoldne IL-6, |eading to cirrhosis (Vasiliou et al.

2000)  arndodey Pate@lnddrbytSands: padiEht tiRe Sle@hioftioPlisC & don. Among them,

Transcription factor nucl ear factor kappa B éNF KB) is an inportant

regul at drnsfepningerowiBdaciaribew I6FCF-R1) aﬁﬁiﬁéﬁtﬂ@m?ﬂ @o@ﬁ%&be%ﬁcﬂ@{@d as
subuni t gN’_ﬁbﬁ%O éyt&aﬁ &%ﬂ@%f&%n&ﬂe R Ak &ickiby &echl Bfo@eﬁiss(T{] aﬁatb heys) et

al . 200 10]" Beyon aring a connon assoclation wt brotic
di sease S&sdemmﬂde FFGFtﬂiaemtg@Iﬂmn Ropifeeelisrand ehdathiebal cofs dmn@lla‘ter ipgrgragd

i nfl amT%e%levéstJlg 31%00%99 gc%on,trgsuﬁgg kq&ﬁ gc%@ﬁ:% taﬁ&] hve@?lb%@is '(]Qac{lm qbyZ)

In addition, the activation of HSCs can also be attributed to chronic hepatic inflammmation through
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[0014] To date, the devel opnent of effective treatnments for oxidative
stress and certain diseases associated with oxidative stress using
natural or synthetic anti-oxidants has been problematic. Stringent
scientific proof for the efficacy of natural anti-oxidants has not
been established (Droge et at 2001). Sone of the notable Iimtations
for using natural anti-oxidants as therapeutics include | ow potency

and fast HkeHaualor g&ufnﬂaﬁma@ﬁy%?@iuhém 6, 16h ! g@& élﬁﬁ&us heislevgl mpoepd  of
synthetlc anti - oxi dant's has been inhibite saf ety concerns.

Never t hePerpgocelldaraarpipesps @lauslers5alpn20dm). W@ﬂ@ﬂpwntfmt@r rgless dactos kappa B (NF-xB)
Modi fi ca r e
'ts. pot one bt QA AL A A AR SRS O Gneip e

superOX|d@sd@@nﬂma@ehﬁétﬁﬁﬁ@mdsGéﬁébagelB@Wﬁ been shown to be
effective in rodent nodels of ischem a and Parkinson's di sease (Peng

et al. 2Q6010] EwefniTHafn LOCRH ARG ion RICHRSS: @Jeaééé Md%ﬁctef %@pfoﬁﬁ’dtl@ﬁ'
trap agents, alphaggen yl-N-tert-butyl-nitron (PEN) di sodi_um

2, 4- di suPPbIESHIPP OReEGEYe BdisflapmateshEresnRReaD ST mtnr&%leﬁ% A aprelgmopadpry

be POt eNtespitis QRN I MEvAGERLE MaDkRS, et al . 2004), and have
denonstrated anti-cancer act|V|ty |n hepatocellular carci noma through

e ) SRS PR L 00 SO TS LRI N

ant i - f i bbshishovarto aaﬂwﬁa;n;ﬁ gefagt?{atoﬁ cﬁfHS(l@,ettlé g{nﬁﬂ&v&ﬁﬁdﬁdd@dﬂ]ﬂnens offltyer

' dazol R ACRb RS o8 PR P PR BB R A T Srie sy

sal ts, abotbesidativh elmbshmd@nermdqcﬂ@ﬂcﬂ’]an inflannetoaspemhse (Thdrmotp st qmw; Belern
et hOd fora, q?%i gﬁgﬂ a9, 3k a? t?.b&S g Cte%opé %E%t%.ﬁ 398 éS‘gCgﬂ@ﬂl&r key

cell, the ne mpi1'si g con ing* an e

amount omOEC@bmﬁbimelmmegéﬁfe%msmf o NIt Bawliclois ap impsirianfoeatataof e bopreden

t hereof : 4 inflammatory cytokines but is also known to be sensitive to oxidative stress. Most agents
activating NF-«B are either modulated by ROS or oxidant themselves. It has been reported that

treatment with anti-oxidant resveratrol (Chavez et al. 2007) or vitamin E (Liu et al. 1995} attennated

NE-%B elevation induced in carbon tetrachloride experimental fibrotic rodents.

[0012] Oxidative stress and inflammatory response have also been found to be igténelated in
the pathogenesis of cancer. Oxidative stress can cause DNA mutations, some of which will result in
the formation of cancer cells. However other mutations will result in cell death, stimulating an
inflammatory response. In turn, an inflammatory response will not only provide survival and
proliferative signals to cancer cells but may also induce the production of ROS (Rakoff-Nahoum
2006).

[0013] Dicfary anti-oxidants have been widely used as a general approach to ameliorate
excessive oxidative siress both in animal models and humans. For exaﬁple, resveratrol has been
shown to extend the lifespan of various species, and to be effective at improving the health and
survival of mice on a high-calorie diet (Baur et al, 2006).

[0014]) . To date, the development of effective treatmenis for oxidative siress and certain
diseases associated with oxidative stress using natural or synthetic anti-oxidants has Been
problematic. Stringent scientific proof for the efficacy of natural anti-oxidants has not been
established (Droge et al. 200 . S'orpe of the notable limitations for using natural anti-oxidants as

.thérapsutics include Iown potency and fast turnover during metabolism. In contrast, the development
' 3



wherein the dashed Iine is absent or is present as a bond to forma
second bond between the carbon to which Rl and R3 are attached and
the carbon to which R2 and R4 are attached; Rl and R2: (i) tro are
each independently H, straight or branched Cl-Cs al kyl, straight or
branched CC6 al kenyl, straight or branched Cy-Cs allcynyl, Cs-Go
aryl; together with thelr ring atons forma 6- to 10-nenbered fused
sat ur at eflsyntheSatusireidacts bas baencntbitdddysifery concsing iNeverRelesnebnRpragegeieher

with th £

Form a Seonapiddy B MecofiheFidns, G b AEHRR ol bbbt B

ring sys enemydKeteetat. BeN7). i aliitiom dyoR2tic miraiss afefpenediealisovtss (§OD) yud or

(i V) he

t oget hor ARy RuubE HEVAE opik it 2icheds g Al Rer o FocBl (e

sat ur at égng a‘réaloﬂﬁ)atBedl mare enconmginglyr4 dys sfymtarfree radical trap agents, alpha-
phenyl-N-tert-butyl-nitton (PBN) and disodinm 2,4-disulfophenyl-N-tert-butylnitrone (NXY-059),

have been shown to be potent neuroprotective agent (Maples et al. 2004), and have demonstrated

anti-cancer activity in hepatocellular carcinoma fhmugh its anti-inflammatory property (Floyd
2006),

SUMMARY OF THE INVENTION

[0013]  There is presently provided methods for delivering an anti-fibrotic or anti-cancer agent
to a cell, the method comprising contacting a cell with an effective amount of imidazolium and

imidazolinium compounds, including imidazolinm and imidazolinium salts, as described herein.

[0016] In one aspect, there is provided a method for delivering an anti-fibrotic or anti-cancer
agent fo a cell, the method comprising contacting the cell with an effective amount of a compound
of general formula I or an oligomer or polymer thereof:

R RS

R? 4

ﬁ@//
&

wherein:

the dashed line is absent or is present as a bond to form a second bond between the carbon to which

RYand R? are attached and the carbon to which R” and R* are attached;

R! and R*:
® are each independently H, straight or branched C;-Cg alkyl, straight or branched
Cy-Cs alkenyl, straight or branched Cp-Cs alkynyl, Cs-Cig aryl;
(ii) together ‘with their ring atoms form a 6- to IO-membereci fused saturated,

ungaturated or aromatic ring system;



R3 and R4 are both H, or, when Rl and R2 together with their ring
atons forma 6- to 10-nmenbered fused aromatic ring systemor when the
dashed line is present as a bond, R3 and R4 are absent; R5 or le: (i)
are as defined above for RL and R2; or (ii) are each independently
straight or branched Cl1-C6 al kyl, straight or branched C2-C6 al kenyl,
straight or branched C2-C6 al kynyl, C3-Cls cycloalkyl i ncludi ng fused

cycloal kyl ring systens, C6- C10 aryl C5-Cl10 a I-Cs al kyl, Cs-Co
aryl - C2- Cg alliieny| R'grd Ritogfigr witytheicang Goms,IovR and g@@eraaﬂtiyh@wgon
aryl, C2-Co6 al kenyl aryhe- a I 8 ol ¥thaticBaf 1S
H al kyl, phenyl, s it (o 1o &16%1:%% RNt o) "I Whi oh an@cong

to R7, where appl i @aﬂﬁnéaﬂddbﬁﬂmaﬁR)ﬂﬂﬁgslscﬁnée@edm\’émdér%on at onms
replaced wit lyp heter, g@ﬁ%% L@ﬁﬁﬁa@nﬁﬁ%%@% aif¥ R%3n Rdtogeﬂ?e?%thﬁaeunng

optionally substl tute one or strai g branched Cl-C6
al kyl, straight or abnmarethdarnsy B0 H-rempred Busadahigiaied onsasanE e e e 6
al kynyl Cr C18 cy g lfe¥11 i ncludi ng fused cycloallcyt ring systens,
Co6- C10 aryI , fluor, tri-truoro-nethyl, cyanato, isocyanato, carboxyl,
C .-C6 acyloxy, C-C6 acyl, carbonyl, am no, acetyl, acetoxy, 0xo,

nitro, hydheXyhe @bk E@WBE}%]!I anfR? Q?etﬂérkvﬁfﬁ%en% %nﬁlfgtﬁfm)fo 1(%.31%1’3(1

al kynoxy; and and in which one of the ring carbon at ym t o, whi ch
and R5 dnedaromateses premen B thefaghef Biapispersr andpui agd B a5 ﬂ%&lﬁed i's
optionally replaced with a nitrogen atom or a pharmaceutically
acceptable salt thereof. [00173 In one enbodi ment, the conpound is an
i m dazol ¥ WARor an imidazolium In another embodi ment, the conpound is

an iraidazol gpi ur&r@ﬁs @finddibelaZzeR' RhaR::9al t . 0018] I n one enbodi ment,
R5 is the Sar(‘(% e each mgepsn éntrfye gﬁmeggborq;rancged é?-css H-ﬁCYP strmgh?orq)ranched CarCs

alkenyl, stranht ot branched C»-Cs alkynyl, 03-C13 cycloalkyl including fused
cycloalkyl ring systems, Cs-Cro aryl, Cs-Cig aryl-C;-Cs alkyl, Cg-Cjp aryl-Co-Cs
alkenyl, or Cg-Cig aryl-Cq-Cs alliyuyl, Ci1-Cs alkyl-Cs-Chp aryl, Co-Cs alkenyl-Ce-Cio
aryl, or C»-Cs alkynyl-Cs-Cig aryl;

R’ is H, C,~Cs alkyl, phenyl, substituted Cy-Cg alkyl or halo;

in which any of R! to R’, where applicable, optionally has one or more carbon atoms replacéd with
a heteroatom selected from N, O, S and P and is optionally substituted with one or more of straight
or branched Cy-Cs alkyl, straight or branched Cz-Cg alkenyl, straight or branched Cy-Cs alkynyl, Ca-
C5 cycloalkyl including fused cycloalky! ring systems, Cg-Cyp aryl, lﬂuoro, tri-fluoro-methyl,
cyanato, isocyanato, carboxyl, C1-Cs acyloxy, C1-Cs acyl, carbonyl, amino, acetyl, acetoxy, 0xo,
nitro, hydroxyl, C1-Cs alkylcarboxy, C1-Cs alk'dxy, CZ-C;; alkenoxy, C2-Cs alkynoxy; and

and in which one of the ring carbon atom to which R! and R? are attached and the ring carbon to R?

and R® are attached is optionally replaced with a nitrogen atom;

or a pharmaceutically acceptable salt thereof.

[0017] In one embodiment, the compound is an imidazolium or an imidazolium. In another

embodiment, the compound is an imidazolinium or an imidazolinium salt.

[0018] In one embodiment, R” is the same as R®, In another embodiment R’ and RS are
3



hydr ocarbons. [0019] In certain enbodi nents, the pharnmaceutically
acceptabl e salt of general fornula | may be a chloride, brom de,
tettafl uoroborate or hexafl uorophosphate salt. [0020] In various
enbodi ments, the conpound may be 1-ethyl-3-nethylimdazolium 1, 3-

bi sbenzyl i m dazolium 1, 3-diisopropydi m dazolium
1,3-di-tert-butylirnidazolinium 1, 3-bis(1- adamantyl)i m dazolium

1, 3- bi s(Bydecabixsi met hyl pheny1) -i mi dazol i ni um

|, 3-bis(2,6- dllsopropylphenyl) i mdazolinium 1, 3- dlaIIyllnldazoIiun1

1- benzyl Y;

1-(1- ada{raq[?t r{‘%l %‘Z"g rret%%‘%a}nh%e“%iﬁk%%&i’%%%gé Sogpala ey,
benzyi | r’rb&mdlh{llﬂf;, EBrcah@p,l iet:raﬁluomBUMG or hexafluorophosphate salt.

1, 3-bi s(1-adanmantyl) - benzi m dazolium 1, 3-

di cycl Ob%!bpe%héﬂﬁﬁéz%ddﬂﬁ@utslthg c&h po %P%/ell' Sy 3zR it otium, 1,3-

tetrafl uoroborate, 1,3- dilsopropylimda

2-(2, 6- dblﬁ%ﬁh@ﬁ%@n@nyiﬁuwmfmﬂmmﬂd{ di-teyt- hqtp’awlﬂwwml 3-bis(1-
O S0Pt ORMrB A diechufots 4B SRl RGN dhduidthsiag el Misoprops-

2-mesityl-5- nmethylim dazo[ di n| um
2- mesi t yahepylsingdazolingi, d%ﬂbﬁw@m@m 1-pengy}-3 mpthyliridrralinp. 14,

1, 3- bi s(heh Hz&@lﬂﬁﬁ/h) 1 FAAREQHLAUOUA-trimethylphenyl)-4,5-dihydroimidazolinm, 2-
1- butyl - (%g%%él di_n math 59]!)1Hd-l m d aleoﬁrlpuﬁ]lﬂ dy ){dro 2-

pent af | u Pwaano{ %bﬂloadﬁmwﬂ)%q%ﬁwﬁw

1- et hyl dl%fcfoﬁeﬂ?lb@ﬁ@ﬁﬁﬂhﬁhﬂﬁﬂ 1,3-t#dof@% AlnkiBd¥blintum tetraflucroborate, 1,3«
1- et hyl - 4-j soc nat obengz/%l -im_dazol i_um

1- met hyl dugo opyHmy &% dtsopranylpheayh amez@hmdazons -alpyridinium, 1-(2,6-
met hy1- Ms@r@@hﬂdy&ﬂgwﬁﬁmtﬂﬁ 8yOHnitiayolinium, 2 mes1ty1—5 methy]:mldazo[l 3-

ety et Lo e el T R AR s

1,3-D be&ﬂzm@fﬁ}midenﬂaﬁ;lm Hbﬂ@bﬂ. H(pyridinylmethyl)- 1H—mdaz0}1um, 6,7-dihydro-2-

1 beney P S ISR B LA SR it it
1- benzy 11-313@;4%@9@@@@@@9 mdzzqmnhymemm aédz@ﬁrboaﬁlbemlbéwﬂwh@n (4-

met hyl e L@, By -4 l ] s, 1-(2,4,6-
1- benz iﬁ%}gﬁg}g( g%eﬁng%%%%ylgneltﬁg %E%ih il Zgoézébﬂé%%ﬂl?xﬁe%yp maa%iol mzl 3- l(oen zy

| -im daz‘B%”ie ﬁ#’heﬁyﬁﬁdﬂﬁ%@mt?b@z%bmé@%‘%zlﬁ'D}b%h%ehqﬂﬁhﬁlld&m@um, 1-benzyl-

bi napht hﬁg%oxﬂbéagﬁ 7 ¥-dredy AR pegeyl3. c’MB G8ethbk I Banzyl)-2-
1-benzyl- 3-(2-tri Iuororreth | benz 1) 2- i.m dazol i um
e g A MMRLRETTRL EDR SRA T T

i BS 2 ; g Ilmaﬁﬂ%:&m%aﬁia%% AnethF- i?}:ﬁhm %fgméﬁgggmxﬂemﬂ) -2-methyl-

4. 5-dii H.ﬂa:g.% g}gi%ﬁgs =3~ -mndazohum)-—l -

1- benzy IbidkphiBalpreppyendsids) (4t metishazalzylpimidakelium, 1-benzyl-3- (2—tr1ﬂuoromethy1benzy1)~2—
benzyl- 3. ( r A
1 3 di (2 r%éh%(?e@ﬁ%q )Igeur%gr %4—Tn,~e”%11?dgrfar§o ga%ewg Sygpenylimidazolium, 1-benzsl 3
acet at eh@énesgddbenayl)deptetylimidaioligen F-hdnzg-3- (ﬂymetuylbﬁnzylyi }Jhﬁnwhldalz@ﬂlm 4t,2-

i g 3, Bgnz&@g%’% Ig}“ﬁ@ﬂlzl\* ﬁ%enﬁﬁ%g%z% f‘?(z- op -3 midazoliven, 1-

di hydr o-tkeyi- ﬁa(ﬁbm@-pmpﬁbmyammSaga{%mhmﬂathﬁb mdqzohum 1-benzyl-3-(4-

&a 3) =2-YD-imidazoliwm, 1,3,5-tris-(4-methyl-
%Ej gg oxyﬁz)y 1{5&%&%9
1- met hy Zﬂmﬁz()]ﬂmad@k@tcefclbmeﬂﬁsﬁbanmlddiél-dlhmyl ~1H-imidazol-2(3H)-ylidene)-2,3-

1 (2, &) RS Rl PN gl BRI T Honrichena Dmett

phar mac emdm@mlﬁbmmmlbmmhwmmum, 151@@2311]3 @ﬁcwiﬁ@bm&rdl ment ,
the co Hufh, Bofll gFﬁ {%ﬁ &e&%ﬁﬁ%ﬁ%%cﬁ%&ﬂﬁ% 3 R A8 SRR e (2!

formul a or exanp e co
acetate-benzyl) ltmdazohum, ora pharn:taceuucally acceptable salt thereof.
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[0026] In another aspect, there is provided use of a conpound havi ng

a structure of general formula I, or an oligoner or polyner thereof,
in the manufacture of a nedicanent for delivering an anti-fibrotic or
anti-cancer agent to a cell in vivo.' [0027] In one enbodi nent of the

uses described herein, the conpound is an i m dazoliumor an
i mdazoliumsalt. In another enbodi ment, the conputind is an

i mi dazol {421 ok capermhptiness ferpumeusa s, dpaod gFonneued ki & RSN GRInt s
RS is th en%ﬁﬂf%nﬁﬁa Bﬁf"or éﬁmﬁﬁ%@%mﬁﬂ@@ﬂég}ﬁnf 3- Bﬁse@zﬁﬁ?@&%@n zyl-1H-imidazol-

hydr ocar bons. [0 In“certain ment s TE arnaceutlcally

accept ab P-@H%“allfieﬂ@fz 3g al Hwidglen (.2 rarglipidezolion)-DN o Nt drisebrazyl
tetrafl ugénga@r@é 8i-Bhhel¥§rAli40EAPNRRRIALS Bal. 3—ben£ﬁ9§ﬁlazolhﬂm¥ii["» ous

embodi ments of ‘the preSent uses, the conpound be 1-ethyl-3-
raet hyl i H%@ﬂ@lepwraphmmﬂgﬂ@rﬁzwpfahk@a& gredim
1, 3-diisopropylimdazolium 1,3-di-tertbutYlimdazolinium

1, 3- bi s( [poadpMemtaybihdr Bﬂnﬂ@ﬂ]ﬁéﬂtumcohpauﬁdh&{ﬁﬁm@r 62 doipBdaybbpheydtare of

i mdazoliniu

1, 3- bi s( FPEOFEURF EFyFepHeiin PRty bi-P st bydmidpeolym)-iinked
met hyl i noyelop¥ak iotiphatnddetisipdiryIctstabylsilthetasrol i ut n,

1- (1-adamantyl)-3-(2, 4, 6-t hi net hyl phenyl ) -4, 5- dihydroinidaZoIiun1

]2__ g_eglz Z?Iidﬁbggfm O%gog%ﬁﬂb g%lzelgl m&léﬂ\%%hg n%ethods the cell may be in vitro.
1:3-dicy&@PhexylbenZ|nldazollun1 1, 3-dl i sopropyl i m dazol i ni um
t et r af hplo9BB} at & angthey ermippdimisps & g41f R Fo Yibas fpr example, the method may comprise

2-(2,6- d!ldnﬁﬂi@t&ﬂ:@’tb Yold subjebBbPNb &éﬂhﬂ@ﬁ Qﬂﬂbr&ic@déﬁe'o@lthg krbRnent of cancer.

CZi: Imigm 3 he n %)' Fﬁﬂh?d&g%[ﬂié gbr;gtgdq %53; SJ?% 1%1_ ngflnc gt\:,goslusn amd the compound may

2- me? t yls iBr &aﬁplz-,- 3—%6;&1995@&@%1{@ &f2Bhdmaddifically 4¢depiaBiz edit-therdol T other
1,3 1-

T butyt R e eR B herefiect e smsitontan s conh biptih e stomach

pent af | ucmcqmbnﬁ;o%bﬂapymmpdmc[ a3l becfor éxafnplé 3-Bisbakylimidazolivm, 3- dibenzyl-2-

1-met hyl Té&{f!%%gl SO E-%XIIQH&W H n%? -3 (H—gletate-benzyl)-mdazohum, 1-benzyl-3-(4-

1-inet hy ‘obe S
1- met hyl acsm(@sm)b%myhﬁemﬁ}@mmniﬁmﬁ %@ethﬂbenzyi)-mdazohum, 1-benzyl-3-(2-
net hy1- %ﬁﬂoﬁﬁ%ﬁ% ﬁ:)yh%[ﬂagcﬁﬁﬁx dé‘i‘@ldi henyle gl)—mdazohum, ora

-1 m dazol

1-met hy173- (2, dlnet
tr|nethyﬂﬁﬁ@ﬁ?¥F@?m3qﬁ%%é@%@QBﬁ%nzyl)-|nldazollum

1, 3-Di benzy1-5-phenylimrl2zolium

1- benzyl [Bo2E} C dﬁbﬂnﬂ;& ez ythore B-p@fidey hievrd aﬁxﬁﬂnduuﬂthavmg a structure of general

1- benzyl 3 net hoxyl be -2- Ilnld ol.ium., '

T benzy 1RE0AL 25 HEERE AR AT IRR 5r P sh FO4 g s g o e
nethylcamﬂmxwhatebenzyl)-Z-nethyI-|nldazollun1

1- benzyl- 3- (2, 2-di net hoxyl et hyl ) - 2- net hyl i m dawl i um

2, 6-di - ([30P6IN2 Vi zhdilef %5941: th'crﬂ 1s$¥c§v’1tﬁh W€ of a compound having a structure of general
2,2 .di-(3- benzyl-lnldazo - |nap% %ufene

1- benzy1 gm{lﬂ{, ﬁ@@q@g@;@q@ym@mgﬁ t@g@ ip theymanufacture of a medicament for delivering an

1- benzy Ind-lidsreo EdaUQEQPBIBML ReBT A2~ et hyl i ni dazol i um
1- benzyl- 3- (4 met hyl car boxyl at ebenzy1) - 5- phenyl -i mi dazol i um

1- benzy acet a ),- 5- ph m ci azol i um

T bensy TOUETls- RO GRS Basg e o] b e Eppoyo ipan iidazolfum o an
4, 5- di i ni@tazeltuim st -addtheNe@bodith et TRD@RBYindIef7ieR®moliniun or an imidazolinium,
1- benzyl- -(2-propyn-1-yl)-imdazolium 1-

benzy1- 32¢37hydr oxyl - propyl) -i mrianlium

1, 3-di (2- phenyl et hyp-i nai dazol i um 1-benzyl- 3-(4-

acet at eH6028]1) -In wiheranbbiioments, R°Hehz yineds Ryhiadotherdmbbjlinient RfazdRf arma,

1,3,5: 1I%h§m&ﬁm¥pthyllralazollun)-llnked cycl ophane;



[0032] In anot her enbodi nent, the conpound is a triner of a conpound
having a structure of general fornula L For exanple, the conpound is
1,3,5-tris(4-nmethyl-imdazoliunm-Ilinked cycl ophane or a
pharmaceutically acceptable salt thereof. [0033] In one enbodi nent
of the present uses, the anti-fibrotic agent is delivered for the
treatnment of fibrotic disease. In a particular enbodi nent, the

fibrotiqg ﬁﬂeaﬁﬁc%}ﬁeﬁ&m@%ﬂo | ﬁh@&a@éﬂ? %euu Ca'H[?géh@ﬁlfﬁﬁﬂul@ﬁmfyor

exanpl e, i i sopropy m or y acceptabl e
sal t thétee@hlonﬁmemf}ldet tfrhfeﬁmmher&teenb@éﬂmmhowhatw@ present uses, the
anti-cancer agent is delivered for the treatnment of cancer. In

various [eodmdi NR94reut a@oo@aﬁﬁebfae pRE:AL 06E thRApoudd kel BOTBthyl3ing
cancer, breast cancer st omach cancer or. glioma and thei\scdgng)ounds may

be, for WsiyHsdazolsm, i3EisbepAtimidazolym; 1.3 disopropylimidazolinm,
3- Di benzydtidddaRd1iasdoh, TFSLUié(QEdamaﬁ’wl)mdazohum, 1,3-bis(2,4,6 tnmcthylphcnyl)—

1-(2,4,6-{rinethyl phe (4-acet tebenzyl )-| Qlju

T bansy sl d SR SR DheH e gy, a3

rlretb hyl b1 o t:aam]gtlﬁd lekltjlr?-;]ne ghmldazlohum 1 (1t art]daFantyl()j -3- (zzlrs mmethylphenyl) -4,5-
enzy ri uol one zy e I.m ol 1

0 (o o G RHARIR, E ORGP e B oy

t her eof . 1:{ﬁtes?cﬁhembeaﬂﬁﬁdwdhuasne@ﬁsdph@pefmasmmemrtdﬁﬂuorabmamund t hat

Ils e? Ry: QC%E(?})'H [Eaf?o(r&lﬁ%rn% %JSB{Q‘DE phenﬁ -S—methy]zmldazo[l 5-glpyridinium, 1-(2,6-
1- met hyI&lﬁ};ﬁ@ﬂﬁ@ﬁdﬁﬂ)@f@ﬁﬁ@@hﬁ&ﬂﬁhﬂ@baﬂmmﬂmmwﬂ;ﬂs thdthylimidazo[1,5-

i soCynat -| m

1- et hy ?@% 381 b o zy%%ah drolpa%%% 2f}.l-Ja:rj;Jil,2,4»]trrazel—4—111.1113 1,3-bis(1-

1- et hy hdﬁﬂwmaaﬁleb@nk iﬂi@’l—ﬁi @I-}_dfalﬂmly]numﬂ)yl) 1H-imidazolinm, 6,7-dihydro-2-

1- met hyl l4i 5 ;

O e
1, 3-Di bérrz@th)da q&rqenwarqua&emﬁmimmr baathylt3- qaﬂnoxylbenzyl)—mdazohum 1-

car bOXY'MﬁX%&%ﬁE@SJM}}L&@'&&Eﬂ Y Fhethyl-3- 22 dimethoxylothyl)- .imidazolium, 1-(24,6-
1- benz trimet 2y d

enz y imdazoli Um
T bonzy S e Bl AR TR 1rrr1aamﬁﬁﬁenzhraer~zfytmsl gl
met hyl car@expbaieRenyy in)sth Yihm| 1-Béned@Z043i A  Rrimethoxylbenzyl)-2-

Lot i a0

1- benzy he&mmmmmwﬁyaymmm Mbenzyl-3-(2, 2~d1mathoxylethy1)~2-methy1-

A MG A A I

1- benzy bmﬁphtﬁadenacbb@zﬂwﬂbﬁyltﬁumdazom d éedyl-8Hi3-triftucromethylbenzyl)-2-

e

1- ber i z%a@ia@@emﬁ-ﬁyghemdy@)ﬂaqoma]zbﬁmzﬂrﬁ (4«3_meth5r1benzyl)—Suphenyhmldazohum {1,2-

b 1- | s 1wl -
BT SRR o oo o i
acet at e lbermzryfi 33 Jrdrasy eﬂopﬂhyml@z@emgﬁ & Wﬁﬂﬁhﬂ}-@l@@?}i‘%ﬂ ldeasi-Pitn

1,3, 5- t pigardibaiBl B0k 61,%;- -(4-methyl-
1, 3-di bg!r:te%;lb %% M&azc;hg;éﬂ% :EL&%H'1 Ini dazo?j]ﬁ fﬁﬂﬂ eﬁles( 53y

3
di hydr oimiege de:yclgphﬁeqn 3g-Hilgngg2H{ - ctlbma&i mtﬁarp -2( H)—yhdene) 2.3

1-(4- Cyaﬁ?&ﬁtlﬁ)ﬁﬁéf)zoﬁ I@ﬂ.'i'})lh‘-:ﬁéﬂgﬂiﬂida%ﬂum 1-(4-cyanatobenzyl)-3-methyl-
1- (4- car boxybenz yl -im'dazol i

1- et hy marolrmacét%taéh%ww)ﬁ-mpfhrmw@lmm 1-methyl-3-(4-acetate-benzyl)-
1- met hy ks 3addud: did Eﬁ&bﬁ?’ﬁ&ﬂﬁ zyetfyH A% abdfm, Qf 1-(2:46 rimethylphony-3--

1(246tr|rreth ﬁ - acetate benzyl)-1m dazolium or a
phar nacé@ﬂ*ﬂf@hﬁﬂﬂxﬂ am%aﬁharmaqenmaamccepf@ Bﬂt@%r aspects and
features of the present invention will becone apparent to thnse of

00317  In one embodiment, the compound is a dimer of a compound having a structure of

general formula I. For example, the compound may be 1,3-dibenzyl-2-(1,3-dibenzyl-1H-imidazol-
8



[0038] Figure. 1. Cytotoxidty of (a) DBZINL and (b) TDBZIM HSC T6
cells were seeded at a density of 5000 cells/well in 96-well plate,
and cultured for 18-24 h in 10% PBS DVEM before the addition of
various conpounds (0-400RVM) in 10% PBS DVEM for 48 h of proliferation
bef ore assaying. The signal was normalized agai nst a vehicle control

t reat ment 0 R M of conpound). The data were obtained from four
i ndependé pel-2, ﬁéﬁwém—%@méqzdséﬂa@éeﬁ -dibnidaalirra NN NI Ararderst or

mean (SﬁMlzene, B- i@e‘i%&i@oﬂmﬁ’ g@@jé ?? 0(3 %%&1 483 9ufylige €. 2.

(a) DBzUVI attenu l evel . HSC T6 cells
wer e |ndnmhtbﬂemthpmﬂmca@mccemle@n@mmﬂ 3001. 1M, TDBZIM (10, 50
and 100 p.M, NAC (1 mM and EGCG (25 p.M for 48 h before assaying

for cel I fobsm R@Sado&u@n&ommat g lamyRESisRHe8anE @dox%ﬁmﬁcﬁﬁaaingwmbﬁ*w@is

after nor rral i zi n ainst a vehicle control The data wer sent ed
as mean &K 063" ample. the gqmpornd i 1.36- e -metliydmig azph@)dm%@gS when

conpar eckytl ?/pﬂafbanr‘é%ﬁérﬁlh&uﬁ&bﬂlﬁrE&blaptaﬂl@éaﬂ(ﬁlereﬁf gure. 3. Effect of DEZIN
and TDAZI LV1 on anmount of GSH (a) DB72RVI attenuated total cellular

(o) 11 o Tiiand Pl PRBSH of 0 Hestiprs Coont cuthe bk edipg s e

oxi dat i CreatproibiAbroté GiEAA o a feefcnBEARbNraend) tHeliroRDBELN Dag be hepdts rﬁbems

t he 051 0. ratiat Hote rel cu t WI

varlous]a{‘r:ng[ﬁ%en Ifnaénnag };reﬁaén%es narassayeq Of%%‘aﬁg[ i %SH arid
GSSG anoasepgble High@&E1/ 0880 rati o was cal cul at ed as (0811-
GSSG) / GSSG. The GSH and GSSG anmobunto were normnal i zed agai nst the

total prig¢zin. NRbGel ddodiBhiMneasestl: 880! MeshtildandoMabht idMvekbB2t M nas

di ssol ved in 1120. The data were presented as meatt and SEivl, N = 6
*aP <0. 0%emen o ganger. Iayaryys embpfimengrshecagceyd hepatarrilier CEHBAPR 08 541 He
vehicle beesa.ﬁttcmbr, stomidBQ4rkbr &rl ik @ arfll. thﬁ izeﬁnd@fnapbaz&rh{kaﬁme ,JDBZEVI on

ot | vi RO DORISE T BT e ob A GDr s b by (e

acti vi t yeayt-iidyzolddh, RbdnzyliI-(-acéte ba&zinmmlﬁ:hmazﬁmmm }@itle
ef fect QLS act.l v ( DBlz.J,’L duce I Vit 6 l1s
were tréate ?WI @h cdgzn%gﬁhg)oem?' 'ggrfin@ﬁ%m@%n% g"%'ln%)ertlh O,I(i’g'nd
honogenidéghdnyletyhiimiiobnm( GGophimecprerally afw@ptaldo saét)ﬂmrwaBS (pH 7.4, 1
mM of EDTA) for GPx, (1ST and CAT assays, or in 20 mM of HEPES buffer

cont ai nijeges} MiMinofkr dofebfiherd 3 oroMi-af o ERIIBEAGhat &M ithflafiMuBfor ﬁﬂﬁiﬂaﬁﬂum
(pH 7.2), for SOD_assa Enzy act i V|t was narmal | zed again %% al

b ot 61 n Bt A RIS e h B T NG S boRa

H(2) OOlThQslodﬁta%b&hgj;l?—uﬂﬁ%B‘lﬂﬁ eldmgtﬁylgﬂa@fbaﬂabi eﬁ@lﬂ mﬁﬁago]ﬁlm ,1aftis@308-acdPate-
< * a < ed.t

control P azefi ’p]gm%g %ﬁ%ﬁiﬁ%@% glf“é‘&tle(g 4%&%%93’%%) -3-

cells agfaaamte “exrydeitideecl i, esslijenigdﬁsaphebwlﬂd&%lﬁmﬂvbem B0, (a)
tical | el t.neat ed for 6._.an h. Scal e bar=
% gm 6“5%’?0%7"2\94)? %@E‘a (& uce eo léggl Ve g %e Z"eg?’% épl eting the

t ot al Gﬁtdtﬂybmdhzcﬂlbl)l 1- bmtsde’a' f’ﬂgﬂcbﬂae b%SGQl-mwthjd- oliuag trbemag-3-He

ot oot B0 LA Sl T b BR A P,

< 0.005 Imdmmhﬂm &&&3%11)25'1 nmﬁmhm)ﬁmuﬂgd, 2,25-di-febanmy] Aeédaedingarydf €.

05 Fhog ity S 1SR P 5500 2

endpoi n mﬂl(srbmidbaﬂluanﬂb@nfztif?efﬁeuethﬁéarbmylatewwgé@bwbmiémhmddmwlﬁsc

TS e | RS BB D 0 e M, .2

nonm i nt4|Smmg@m@um){ENéNhNé’EGtrmntybb@izenmb-bmm ~Erwropimeley))-trhidazolium, 1-
experi T | .
quanti PI%(%% ﬁ%ehh\%}ﬁ?yc)l chﬁ%ag @%ﬁ‘e bei’ng ? ngﬁunf ﬁt?r%gé grg (4The

acetatebenzyl)-imidazolium, 1-benzyl-3- (pyndm—Z—yl)~1m1dazohum 1,3,5-tris~(4-methyl-

9



11 expression in HSC T6 cells treated with DBZINI (100 pM and
TDBZEVI (50 p.M for 48 h. 15 .gg of total proteins were resolved in
3-8% of his-acetate gel for collal and fibronectin, or 4-12% gradi ent
PAGE- SDS gel for GFAP and SMAA. The target proteins were recognized
by the respective antibodi es, and visualized by the ECL nethod. The
menbrane was stripped and re-probed for a-tubulin as the | oading
control. [0046] Figure. 9. DBZINI and TDBZI LVI suppressed TG Pl

A R L e e e

dosage- déipphedtmisihastty 1-benvel-T-oipthyi-inthdpRnEML (4-00metvyenaiB-meBz M ( 100

for 9@99 essi on
Pe\l\//pel mﬁﬁy—'&f @gﬁﬁﬁb%{)&&ﬂgﬁ?ﬁl Pji g qr}fw@l%qx acem@b :iLe dat a
wer e pr eld X phums Q% 56 qay. 1)
drzelijima 4~ rmﬁarh?wéﬁa-d@am th;'lletmldaa 1j b4 @bgﬂe&mm D3¢
< 0.005, ) e ure. 10. DBZEVI
and TI NZE@%F% glr?%!sse E%Le{r%%n%ﬁlﬁ,& &ﬁ@%@% 8&99%1%%{%% ncubated with
(a) DBZI Mé 10, 100 and_ 300 g and (b) TDBZI.M (1 10 and 100 E
for 48 hiOP3Pl t Hitherasmsga anfisapraeeberreast inveRdP(Hl begoms PRzl o (0590 M
and TDBZyd¥ingrd @01 Svhe 5:016ip 0%@5\2&.4:; &nhk ffoting Mscifin bf FEcifeaeRdRithts of tiely .

The expression_ | evel of -6 MRNA was quantified with real -tinme
RT- PCR. ?ﬁf@ﬁ%l@éowce%w%@ﬁﬁ@ama%nwwraﬁd SEM N = 6, *bp<0.01,
ti p<0. 005, and *dP <0. 0005, when conpared to the vehicle control.

[ 0048] FRBRIEE. DESCRPINION OF THE DRAWNNGS 13 and AP-1 (c-Fos, JunD
and Era-1) protein expressions in HSC T6 cells treated with DBZENl

(100 p. MOO3ATId TDBEIHgkdes, GEichiildstriterby48y of exkipleioglyoémbmdheatsot the presdnh
was resoj }ﬁj% i.n 4-12% gradi ent PAGE-SDS gel. The target proteins were
recogni zed y 'the respective antibodies, and visualized by the ECL
net hod: The nenbrane was stripped_and robed for the Tata bi nd e%edat

prot ei n FBR8IUs dtigwre. & fatoteritify 9f (2 and[(h YR LR B3 To qejl SW@%?)SE
Dsznyt amtnh@)oﬁmmwem@mb&% M@@@&u@a&g@m #BS DREM befdreby

P- gal act osi dase act t St abl trms ted 16 AP-
t rgat ed &F i pqiiition QR 5 I 1\‘/RI:I%°¥‘¥?P“J@S &Sy for gﬁ&%@ﬁ;@o‘%ﬁé‘?

24 h andasd§in, m@@?ﬁﬂ@b@:ﬁh@é‘eﬂd@eﬁﬁst ae&mazé &cﬁtﬁﬁ&aﬂﬂﬁhﬂ‘@'pﬂ@@%h@oﬁnﬂﬁ The
total protein, resented as_relatjve value after co rlngaI o0 the

vehicl e %W%wawémaﬂaﬁoar ipdperds PRt s d RERSRR IS 79 T8 EITOF PP

<0. 005, aas ($El), <0 2005, +* phervicaapar €dobn the vehicle E:ontrol [ 0050]
Figure. 13. Western blotting of SMAA collal, fibronectin, TG--P1,

TGp R el
EVISs fo

5 B0 gAY BB P AR AL peS s
;)P]I?: r[])g/: (#@e gmbaaﬁdm@?mlm €260, mgrgn@«@croexm TEBZRd |10, ﬁomw@LuM)S@W(
and DEZII% [%E%K%Sﬁkrfgrﬁs Qﬂ?g@%aﬁm ﬁ%&a\f\%%%%%n a
as the | a:saﬁimg valoestafted nonﬁwnsigtagmm ) wdllai@mob’ﬂi‘mf\dam:ﬁerppmwte;i apaerg and
[ ntensi {yag _BONERl§ 7e0 2TRhASL, M L ESRAGHEY EaX DL ReGONLE Bluveol B)

Rel ati ve densitbnetti’c’quan prote Intensity.

vehicle treated sanple was nornalized to 1.
[0040] Figure. 3. Effect of DBZIM and TDBZIM on amount of GSH (a) DBZIM attenuated

’Lotal cellular GSH amount, and (b) TDBZIM did not change the total GSH. (c) DBZIM and (d)
TDBZIM both-suppresséd cellular G8SG (the oxidation product of GSH). (e) DBZIM and @
TDBZIM both enhanced the GSH/GSSG ratio. HSC-T6 cells were incubated with compounds of
varjous concentrations, for 48 h, and assayed for the total GSH:and GSSG amounts. The GSH/GSSG
ratio’ was calcilated as (GSH —~ GSSG)/GSSG. The GSH and GSSG amounts were normalized
against the total protéin, Note that DBZIM was dissolved in DMSO and TDBZIM was dissolved in
H:0. The data were presented as mean and SEM, N.= 6, +*P < 0.05, #P £ 0.0, ¥°P < 0.005, and
#4p < 0.0003, when compared 1o the vehicle control.
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[0051] Figure. 14. Real-tinme PCR quantification of (a) GFAP, (b)
SMAA, (c) fibronectin and (d) collal nRNA expressions in HNC T.6
cells treated with various IN1Ss for 48 h. DBIM (1 naM, AMM (50
AM), TMPHIM (50 p,M, DPP1111/1 (10 pM and DBZB1M (100 pM were

di ssolved in DMSO with a final DWVSO concentration of 0.2% (v/v)..DPIM
(2 mM, EGCG (25 pM and DBZIM (160 p,M were dissolved in 1120.
f3-actin s, used as the normalivation gene; its expression was

const ant Oifiller Higwek Bipct pERBAIM apd 5B n Gy GAT, 0D 388 65T BV

was nor ngfckzed) aorhdsky il ec)(SIPREVEME 2 \U8RES D kBR iniaahor, THEZINBLAF¥de
nmean and_SE t P <.0,005, and *a P <

presente S | S N =6, tap<' 0.05 .

D 0005, EhGR: EomBaE D Evivels) DEEEY opd (OTEBAIMs3 Piteegodt ot S0

Ef fect odertaB{ch Wi zavnehdlh MsahctiliderisE Th b v d tRalil #8h cdaibldds WBsarious
tested on mice, induced by (a) |iver toxin thioacet a&l deo(;éFA% or. _by
(b) bi | e WocEIRiogsy Fﬂ%(&B%LO}ﬂO.geﬂyémbﬁé%m%P%vo(ﬁ%#wﬂ%’ orrtc 1 kR d-4bY
TAA ( dat aMEEDIRY WGP ABS T CAT RidyE ofi#Ch nin SARERES KulBk dontalaBgd MM of
at t enuat Fé‘;l é?ni)ﬁs in the TAA nmodel (at 500nmg/L. 12 eks) and

t heaDL n]%g 2? pirrepmpitol apdbiaall of iredes S he TPEIR HigpPyea agividy was
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at the 40243 ofFigwe gelyDPZIMadd (10 TDEXIN Sfppraitd thapRNA agrestot ofHSC
group vs:.. *x , conpound. tr roQups vs.. BDL
Seeks grstity SARESE Gide SustRay B bERP S PRI v MR B F
t r eat ed dgsagerdepenfi OO 5Ginngi. YECA6LElls Rap resanihtDRAM (ialfe $00dd BBEM) and
st ai ni NgQfl4.yer s j coptr ol oup; (B). BDL 4 weeks group;
and (0 T el B SiguRii 4 padiitotl 1 ot Pt S
Quant i t &dvelveasicamstant duder tRCRpérHfiene:0 bodmdgRas. ITht ARRNthdIRy W sed doreeetive
collagen_1 _al nR .0058] Fiqure 21; IMinhibited cell .-
ool | oRuprBrelRA et e By teroh e e R e oA e
i nhi bi t et $¥DE, ¥ el6, *ir00.0%, &t &t D.on, +° BliEH0S pdnkl ¢ Bve 0 806% edleticoatpamd thehsi t y

of SOOOV%%}llg \E‘f%f'l in 96-well plate, and cultured for 18-24 h in 10%
betore the addition of various conmpounds (0-1.25 raM in

FBS D1VL
10% PBS DVEM for 48 h of proliferation before assaying. Cell count
was cal ¢3044] edFisaxed. DRZBE4E0qtMigrel EDRZIM (0D sBppitdssed (0 GFadathon

155 ISP OISR RS GO 2

i ncubat edlswiereirepBE ik CBZIM an@TRE KM cod a@dyedaftéydf 24 sdf4Shaditersicand DAPI

t ai ni NG nt.ent.: | i, Nt 5 I :
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[0045] Figure. 8. Western blotting of colial, fibronectin, GFAP and SMAA. protein
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[0060] Figure 23. (A). DBZIN did not change caspase S activity and

i nduced caspase 9 and 3 activity in BILE cells. BILE cells were grown
ina T75 flask and treated with DBZEM for 24 hr. The cells were then
| ysed and cytoplasm c protein was collected for assaying caspase 8, 9
arid 3 using kits from Bi ovision. The data was normalized agai nst the
vehicle control. (13). DBZW did not cause cytochrome c rel ease from

rriocnond e o ci oy B cell i oAl SR FAN ) b 1
col | ect Egof’t&'aﬂﬂot@mé(ﬁére fdsomadBh QVS@bﬂH&ac%ét 14%9f09\f:0115'8.@@ﬂi ﬁHr@He@ﬂiﬂ" oMVRI 2%

resolved in 4-12% gradi ent PAGE e target proteins were

r ecogni E@@C%?Aﬁﬁsmf%ﬁFé?ta@%m eeargatrr@cvf%m%w feoqeized by e ECL
met hod. Jhey RHE M@ FDiFdaRp RP R mi I AR RDSG: hOkbdR S adsdibiRdhbdieas the
| oadi ng control for cytoso ractlon and Cox4 for mtochondria
fract i opeobgagoattupulk aytiredoRing cOBREV1 af f ect ed Bcl-2 and LAP protein
expr essi on. HepCQ cells were 14 treated with DBZ1IM (0, 0.5, 1.0, 1.5

and 2. Opgpid SNAS b3 TRERA: batb f er .
15 jig Lot | gq‘g%;éo%] o8 r%%@dr&%%%ﬁpﬁi&%%}f Pl s 1RGO R el

The tar gleubaf@ﬁmtél(aiQB@ﬂe{Lr@cwgmiw 1B) mnéﬁpélaﬁw (briDiendHI0AD fa
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i nducedaniu@lhefoshd tmeydpepicassndyrfn skaesioh Brvelaf TEHH mANA profqueniified(WAth)

Represen Vv ocytostainin i mages HLE cels a c
onzsw ( Beane r-EH, iR ettt s PR N s SR 2 G0 PE 8
t he di seppesmwancenghred ty wihiclervontrolt he nucl eus of the control and the
DBZILVI-treated cells, respectively. The images were acquired and

anal yZegous] iRk A0SHBRIM Ua BB AIORRBHrck I I LR BRI B0 6 bals R USA)
and Tar get Actlvatl on Bi oApplication softvvare f zigéantltatl on of

t ransl o@&%ﬁa@ﬁ“@béﬁpB@I(Mmm&OéﬂﬁW ad G- T8 &0 1P HYILE0F &P by
DBZI M of,, %@ﬁbs%%é deg &%Id%!u&?fb? wﬁtﬁ? bB%ﬁMf(ldo 1Beyf &a%fszmtamr 8, 24

i munocyt ost al or sufvivrin.- Lower value 1n "Cytoplasm c- Nucl ear

Di f f er effdd8 hifpribe Ernedepandentigidy ahe gRrression iy elgy a8 Pswwqﬁed WiB063]

Fi gure 2040 pER IR0 GYEORERSER 4:Qnda GhE3RV 1T ABSH QA0 QR 1L 0BDS, and
(A). DBZEM transl ocated ATE from cytoplasmto nucl eus. HepGZ cells

ver e tr eArey0ty. Biszeempactdp teaoHFle Cfchpl asmi ¢ and nucl ear prot eins
were fractionated using a kit fromPierce. 15 Jig of proteins were

r esol ve[hoas] 4- Elg;%EgllaWeemtn 0466 SNEE -G8 and A1 {GFgLlunDr oiddirsl) yeoten
recogni zed

e meropeiiunds ISt i aflpa P pRTEL DG £ RIS RSN Ty

cont r ol ud @muelydr @hcds WhCredohad td LM2BehdbAL m@gmmsrggl Pheh @bt prdiBRs fvar

nucl ear roIe TILEclIs re. grown i

andt r eart‘3 ?JW‘%#%?V% e, H “E"@P?%d%eegq ‘Jrh‘ggmﬁwgrag? APhed
by ant i futsh¢d edd pAbtled foklie: Tdmgﬁﬁng\fﬂcﬁt&n&mu]lsém mehdmgabmd usi ng
ArrayScan VTl HCS réader (Thermal Scientific, PA, USA) and Target

ot on ol08AeI”, WARR GO PG G Pz Bl QELE L rieene os
cont r ol reported byp- Mm&a@s peityity.\Sedble Ha(ﬂ@)’fctec’(jt@ﬁf‘ﬂ’%eca’ihqeﬂmw@ﬁ tragbed Wlfh

" oyt opt ulPuik bt PSP by bRE R SURAL LF AL £ pnd e Re (BB es o
Fi gur e @vitjHivag lmonh@ﬁeemmemmmmdmmsqnteddmrdavaalw &ﬂeﬂ:m tofthd E

cell S VEASIEAN0 ) S8 E] osBlial £ 2004 680 ¢ RYesPEA A Blg 4 SopEhe

cells were t en fixe al ne  quantiftication of
gener at wien.comipaed ilgeshinlercentat qui red and anal yzed using ArrayScan VTI
TI CS reader (Ther rral Scientific, PA USA) and Target Activation

Bi 0Appl fagadil © t i 08 RI
up-reg uq 6?{S]on ri% “Fﬂ? eﬁtﬁqug@g% %ﬁféﬁ BF‘Z"IDE% eSS TeTp
protein expressions in HSC'T6 cells treated with various IMSs for 48 h. (A)DBIM (1 mM)
AMIM (50 pMD), TMPHIM (50 M), DPPHIM (10 pM) and DBZBIM (100 1M) wers dissolved in
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Hep&2 cells were treated withDBZI M for 24 hr. Cytoplasm c and nucl ear
proteins were fractionated using a kit fromPierce. 15 Iig of nuclear
proteins were resobied in 4-12% gradi ent PAGE-SDS gel. The target
protei ns were recogni zed by their respective antibodies, and
visualived by the ECL nethod. The nmenbrane was stripped and re pr obed
for Tata binding protein TBP as | oading control. [0066] _Figure 29.
DVEZI M i 8@ vitapdineld V30 copicentuatiensofiti2ntviyh EEMA@ MREECHi(Br @)y show

t he apo ast r_cell jung
cancer (Eﬁe %W%%rg%?og{mg&%ddﬁ@% u@%ﬂﬁ\ﬁs?déﬁzlg@ugr dspecti vel y.
Ext endi rﬁgpnﬁtnmaﬁﬁn@hmﬁeneofpﬂsm bargidntesity wiscoedieet! dgems thefrespetifd webicke
vmthapot lsmcell cul tures gqu

Mohi b+ B B Bfhe plbiiote P Ehor b frf S B i e
(© and shmpﬂueesinmslpads&lB/? activity in C6 (B) and 1387 M5 (D). C6 or
1187 cells were incubated with DB7f M of various concentrations for 48

hr f /
Br ol 1 ooy Sl 14 368 Rm8 BT l%ﬁl%ﬁ*‘%hw‘f?ﬁ?n?@ﬁ A R AR
as rel atan@éd)@ellaipmefxemmw TG:@H@ freatedwish paigns ISy f?ﬁﬂ&!&?%

o5 SR IMB YL IS ey ol g

over co nh&SQiVBdgn S0 yigos®ial PMPG @mmmm E%rﬂﬂlﬂh O8N (& 6 25
caspase )

bl ot anﬁﬁ?m s for tﬁOMf{Et o?ﬁrﬁ%@‘% he ¢ 35%826 0 \A\g%lts%géslém
Cas pas e-epressipn PraRRnYnt indep 88 mmeamn@m rRefative aeatificetts W%@'H@hede)
N P53 Wedifh: 1Y RRDLAARLRIBERS 18l %ﬁ@oéy%ﬂaﬁﬂm\égé&aﬁ{\sj@wws anakysi s

conducted :on ce exposure [ 0069]

Fi gure 395 ’B@mﬂOQSn@riﬁuEéoﬁﬁ%mwmﬂeéwmvmecwﬁ@n AGS, MKN28,
111299 and MCF-7 cells were treated svith DBZIIVI at their
corres pqmﬁzmg F@,ﬁﬁe ¢HBIed bf BBE]M anﬂMSMt@ﬂﬁbﬁﬂbz@ﬁs ai mReDBTEVAES tafed at

was downr e 53 wild t r

o ant e Rt BE st PIEAY 5 B8 e AR e b e

111299 (W@) alsmﬂﬁdedanmﬁemmdedby VA4 (Batems shosajjoe by @ bile mmgam(n:mpm T| me
course i l Ot

P et P L aReR o RRe SIS R Lo IDE, BAIR, g YERDERAR &,
DBWI r d8ugbdHED) . wherses ﬁhﬁDPdespIﬁmﬂmssffmntheBﬂC@oﬂelfﬂé%Hﬁ@’é) mce
in the control group and in the treatnent group, 3 weeks post

i nocul a mm aFRusd) Mepfbsén%mem ﬁnigémsﬂﬁél\éﬁ Btaﬁﬂﬁ 8 Iﬁ&dse&ﬁbdyfrﬂﬁl ght
e e B B 0% S SRS Wt PSR (v
null), ISD@ﬁ)g/ﬂIﬁ:ated group, which had only one mouse in the group. Red staining areas represent

collagen deposits. (A) sham operated, (B) sham eperated + DPIM 1g/1 for 4 weeks, ) EDL for 4

weeks, (D) BDL 4 weelks + 500mg/l DPIM treatment, (E) BDL -4 weeks + 750mg/l DETM

treatment, and (F) BDL 4weeks + 1g/l DPDM treatment.

10054] Figure. 17. Percentage of Sirius red staining areas. Sirfus red staining areas from
different treatment group mice were quantified with Image J softﬁare, at least 6 different areas from
left and middle lobes of ]ivef of each mouse were covered. * P<0.05, BDL vs, DPIM treated groups;
# P<0.05, 750mg/1 vs. 1g/l treated groups.

.[0055] Figure 18. Liver weights of different treatment groups. Fach group consisted of 6-8
mice which were 10-12 weeks old at the starf of surgery procedure. #P<0.03, sham operated control
group vs.BDL 4wreeks, ¥ P<0.05, DPIM compound freated groups vs: BDL weeks group, # P

-<0.05, 750mgfl DPIM treated group vs. 1g/l DPIM treated group.
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& (wild type), ne and Plc (p53 nutant) were subjected to Western
blotting using p53 (DO-1) and. actin antibodies. [0072] Fi gure 35.
Phase-contrast m croscopy of cells exposed to ILVISs. Pictures from
phase-contrast mcroscopy show cell cultures after exposure to EVISs
(MN 15, D3n 19, I1BM 24, MN 25 and MN 32) for 72 h, respectively.
Extendi'-ng the | ength of exposure caused increased | oss of continency
in cell cultures. [0073] Figure 36. EVISs induce apoptosis in

Hepat ocl886]norigwe|19.ReprepenBetivie smugns of HsEatddngwiliversehiiise AarmitrdBN 15,

I BN 19, | BM 5 and r. 72 o]9] I S was

quant i f%r ed” ljg f%atgﬁ‘ﬁ’g By - ?&%)ﬁ‘%lweﬁsgﬁﬁmﬁéﬂf% %/e% “By fl ow
cytometric anal ysis. 10,000 cells were detected for every sanple.

Li vi ng 885Tls diguiea0.«Quantiietiverenl-tine PGRAdr cobiegsn Lol mRNA. JpidMpdaped ear | v

apopt Otéoﬁag%ﬁﬁhsmkp the bottomright quadrants (H e+ and PI--), and
| at e apoptotic ce IAs in the upper right quadrants (apoptotic Frrc+

and Plggq B) The percentage of apoptotic cells with respect to

di 1 1 or iP5 v RgurepbPREINFPEbied A prokiEasionndsrupied selistecn HERgells
cells. @'ﬂmﬁl&bﬁéﬂ%@& gﬂr&]ﬂeﬂ{@dﬁ' BiEcéll’s‘dmﬂe@Mdécﬁat aMBhsk® of 3080 te2d/melYN
25 and | BN 32 for 72 h, cell c Ie d]|)str| but §F6¥$$ assessed by

f1 ow cyRérae! PlateA'jmdB%QH’iﬁilf@r nesh TR (&8 ai ned
cont r ol cog@birs (N ds e@J)ImG% ERS emmtfck} 4RI iF p‘iﬁhféﬁﬁ@ﬂﬁfm @ds%rmgBOlc%o&ﬁt

cells in cell se C) %of cells_in sub®
Ol ue | s s PRSI G e e A e rmon P asE e i e 5.
134Ss, ﬂmfhs&ac&;h&ﬁﬁ@gemﬁbo@a&msge(@ DBmm@Hem@eﬁ%EoermrMI ot

anaIyS|sfor th ffe N 32 _o0n
the cl e"‘zilﬂ\l/aa‘a’ewBJf3 ?%@%é@ﬁ%@“ﬂ%ﬁﬁ Ifgy?é?) gy éof 72 h
exposur@%oonmd(mvsea%dimemnmonl MSs. [0076] Figure 39. Ms-induced
apopt osi s was acconpani ed by accunul ati on of p53 in the nucl eus. BLE

cells "Bps]L ! wﬁmeaheéﬁeaﬁdﬁésﬁ%%ﬁinhﬁﬂclﬁs @’i‘émiﬁ%@ﬁc or

48 1. hetrea ed cells were fixe f or mal deh

i munost4idibert et LI relegsing inglLE (B} mddfpbe Ak B -E4n aIeﬂA%Pcﬂe BEte
f1 uor esgaBged mm@zam af %ﬁ@c@; BiceSRMoRE R 6 B, GldASEMDFor d-0fhéd 37 ktigisy #1040,

| MSs- i e acc p53 phos hor l.ation serl nes
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[0060] Figure 23. (A). DBZIM did not change caspase § activity and induced caspase 9 and
3 activity in HLE cells, HLE cells were grown in a T75 flask and treated with DBZIM for 24 hr.
The cells were then lysed and cytoplasmic protein was collected for assaying caspase 8, 9 and 3
using kits from Biovision. The data was normalized against the vehicle control. (B). DBZIM did not
canse cytochrome ¢ release from mitochondria to cytosol, HLE cells were treated by DBZIM of 1.5
mM for 24 hz, Cytosolic and mitochondria protein fractions were collected using a kit from
Biovision. 15.;i.g of each protein was resolved in 4-12% gradient PAGE-SDS gel. The target
proteins were recognized by antibody of cytochrome C, and visualized by the ECL method. The
membrane was stripped and probed for the oc~tubulij:; as the loading control for cytosolic fraction

and Cox4 for mitochondria fraction.

[0061] Figure 24, DBZIM affected Bel-2 and TAP protein expression. HepG2 cells were
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pat hway. Cells were treated with various I MSs and the | evels of Bcl-2
and BAX were assessed by Western blot assay. [0079] Figure 42.

Real - Time PCR array anal ysis of p53 signaling pathway-associ ated gene
expression. (A) Anti-apoptotic genes. (B) Gowth inhibition gene
SESN2. (C) Cell cycle check point genes. (D) Cell proliferation
genes. (E) DNA repair gene ATM The relative | evel of gene expression
was normal i zed with housekeepi ng gene GAPDH. Val ues are expressed as
mean st aexdalrdthd@BATAL (00N, 11000.8@)d T givf)dordd. hr Fiokad privteinfwaCooifroted dsigg RIPA

(DOMM I V])..and co nd 9 (MAIIZND1) | un, e n astric
cancer éﬁ)lfféqg H%@Efﬁam&m(%é Hﬁﬁ% @gﬁ&%&%(ﬁa‘%f&'f%f airg?agfgteﬁls
mor phol ogeﬁaéco@ﬂ@ﬂg?maﬁauamﬁmms Sndl RishARG! BARCEHTL B&hdds TMOAMBbraRa8)
and in gastric cancer. cells MN 28 (B), 120 _h after the treatnent.

[ 0081] FF@W@a%PIO@ﬁﬁ@GFS%@b%WBP (o1 Xenografted nice. Tumors
In the HCCxenografted mce in the control group and in the treatnent
group, 3[&0621<s Tigsde 25 NDEEITAlbDIted MEletis S 86plasin frdslocativn of wiivivigpmidin

curve anih RO 1Sk oL Sk 485 R S LRG0 80 Ol 1 gno
Dl Isﬁ - [ g?%] Aﬂ@i&!nlﬁdlé’ate ﬂn@ﬁ&um@lbm&n@ the Eﬁhlﬁﬁamﬁ&%gg%wﬁﬁiﬂ the Bucldu€blihe

Val ves. ofonfaeq kS DEE DS BRER R ety 1 ES e P Aoyt Ay TR

| (():ggﬁ/a |T AegySodn mmﬁfbédeﬁ (Eheﬁnmﬂrﬁ@wmﬁc,E’A USggebd 'gaag¢AHﬁgﬁomEiDA§pﬁcaﬁ03
Cancer oo gy by PERbagRbNky cANSP EREY RGN Sfitened
in nor naDBEH\éafs&tanc@I cogcenBEDA LED HDESTOR! RRH@N{IG088ccTbwainiss fﬂsdm‘vi‘fin
??nsg;;glelﬂorﬁm céc}nn{;etlit% I%lggﬁpg%#%%?%@ %%{D%@aafop( escri beg}therel n,

i ncl udi n#T¥iA2t he form of imidazolium and i mdazoliniumsalts, may be
used as anti-fibrotic and anti-cancer agents or to treat fi brotic
di sease [0063]anGgure TRDBZINE Ridoéed chvpRshyitnickizethsoemn of WBS. (AhaBZTsy

be used érar%xsltog%d% %%%Scygogfasm tobglglegé? E{%ﬁ(?z cells were treated by DBZIM for 24 hr.

Cytoplasmic and nuclear profeins were fractionated using a kit from Plerce. 15 g of proteins were
resolved in 4-12% gradient PAGE-SDS gel. The target proteins were recognized by the antibody of
‘AJF, and visualized by the ECL method. The membrane was stripped and re-probed for o-tubulin as
the loading control for cytoplasmic fraction and Tata binding protein TBP for nuclear protein. (B).
HLE cells were grown in 96-well plate and treated by DBZIM for 24 hr. The cells were then fixed
and stained by antibody of AIF. The images were acquired and analyzed using ArrayScan VITHCS
reader (Thermal Scienﬁﬁc, PA, USA) and Target Activation BioApplication software. The arrows
indicate the cytoplasmic and the nuclear location of the ATF staining in the control and the DBZIM,
respectively. (C). Quantification of AIF staining in different subcellnlar compartments, Higher

value in “Cytoplasmic-Nuclear
Difference” indicated higher nuclear AIR,

[0064] Figure 27. High dose DBZIM induced ROS production in BILE cells. HLE cells were
grown in 96-well plate and treated by DBZIM for 24 hr. The cells were then fixed and stained by
DHE for quantification of ROS generation. The images were acquired and analyzed using
ArrayScan VTIHCS reader (Thermal Scientific, PA, USA) and Target Activation BioAppHcation
software.

[0065] Figure. 28. DBZIM induced up-regulation of AP-1 expression in HepG?2 cells.
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[ 0090] Both imdazoliumand i mdazoliniunms are based on an i m dazol e
ring and both are N, N -substitated; im dazoliuns are N, N -substitated
i mdazoles, while imdazoliniunms are NN - substituted im dazolines
and do not have the carbon-carbon doubl e bond between positions C4
and C5 that is present in imdazole. Imdazole itself is incorporated
in many biol ogi cal nol ecul es, and synthetic C substituted i m dazol es

have be an i rtant. ny~_phar I ! et al.
1999) ( Coah a5 sPR R iRt or IR R RGE b ot A 082 L T
Di | Ss i frasiopitdtedsing ath dwointierye. i 5 pg binnsitar petrainsaberaesodat i 4437 erdipnt

provi de e.electronic structure and ahility .and. .

t her ape3@&@"@§@f‘bﬂﬁﬁﬁe@rﬂe’@ﬁg?efﬁmmg%y@5 reﬁédc enaélptﬁoﬁir%éh ﬁs%a]é%e;}i ng
t he N stbskBECUeRtRd( T hskhitidie Riasstipel bl rebiobebionTas Bindngfrotind BEaat r al
ring) aﬂ ﬁ]ée cenfral ring of the nolecule. It will be understood that
the "cefBRE°PRy" of INISs refers to the five nembered ring

containing 2 nitrogen atons (either the imdazole or imdazoline
ring) t&o0aR] chFigars 28uHMZIlS tiduoeiapeptosiy Riduboliond phase-eqnEat &l@eFIRr ent

M5 nol e | | V] ' ' ' ' RS
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Some W SposiretodRENM fen72sh, ofspddiingy. Ertsading the leosth bbarpesuienpiesd nergsed oghin
be easi lof’co?ﬁﬁ&%ﬁ@&ﬂpa@ @é@é’éﬁéﬁ;c‘é@)ﬂlﬁ%ga hydrogen atom at the C2
position of t subs

e central ring an tituents on both nitrogen atomns
of the central_ring i.e. two N-substilMents. NHCGs ar e ed m
Chese. TIRASh bpiertion DRZRIRbIBhermrplieropin PSTamA SR Kt L tas PEb PP e
condi t i MG (C)RATRIRAPdkRRe Bf7 aktiNlySs OFHE) L@ TWSTMGED).Qlbtor iRTells asi C
conditign r, i.n iJuyted solution und ngut r ndi t 093]
PR L o T e O S e G S
than a lejsphse g@nciatation zaﬁaytheﬁi%ﬁmhﬁﬂam@fusmgédmmﬁm?notnn@e anfionever
O o TR e LU R NG 560 MBS D RERME Bl st

£ d ‘ty
N- subst FHUENT S nventors I'scovered that-"the | MSs as
descri beds aniifiad usinga kiefrom Sdoressa amt dlsofekreased as refntivasespase cetiviggént s

or tot i J i or cancer. Wthout being limted to any
gl btk e,

particular t ry, s described herein may exhibit

anti-oxidative_and anti-infl|l anmmator roperties. Both fi fiC ye o
di sease BR8] c afiigBre ﬁa@%zg\gé?ﬁqcﬁﬁi’@&éeg’f E&P’Efﬁf’r (AaP %?&é?g b?’:—@ 5 eation

turn, i ofdpeplesit Westdnt Slotinslg s tor dadffed BEBBZIM) oh datcledeags bf @smsdits been

shown t g, be osel.y_l.inke i th infl.ammtor S .

Chat i nag P ReRTARe A P Pt S uif R Y AGE P BPR o BEERY Moy
are conpadadsil ka0 7a WistettCilotrapalpdis dohdicrd ne cals after72l eaposfd GO LN of
formul a !B the dashed |line is absent or is present as a bond to form
a secona ggﬁd bet ween the carbon to which P.' and R 3 are attached
and the carbon to which R 2 and P.4 are attached. Thus, the carbon to

whi ch | B008AH PFiguea32. RBZEV fehibistrhospher defiason Al WAGSRLINS RY2%%28d
at t achegdpy . e weRHRSE ®h BB zRILNEE: Ardlighifs RI0oRkntBuit) il Bhdipathn

at serine 473 of Akt was downregulated in p53 wild type cancer cell line AGS (A), in p53 mutant
gastric cancer cell MEIN 28 (B), in p53 null Lung cancer cell H1299 (C), and in p33 wild fype
breast cancer cell MCF-7 (D) . Time course inhibition of phosphorylated-AXT was shown by

Western biot. B-actin was used as an internal loading control.

[0070] B:'iguxje 33, DBZIM reduced HCC tumor in vive. Tumors in the HCC-xenografted
mice in the control group and in the treatment group, 3 weeks post inoculation, are shown in (A).

The tamor growth curve and body weight chart are depicted in (B) and (C), respectively. * P < 0.01.

[0071] Figure 34, Endogenous expression of p53. Cell lysates from Hep3B (p53 null), Hep,
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[0097] le and R2 (i) are each independently H, straight or branched
Cl-C6 al kyl, straight or branched C2-C6 al ketyl, straight or branched
C2-C6 al kraYl, Cs-Cmaryl; or (ii) together with their ring atons
forma 6- to 10-nmenbered fused saturated, unsaturated or aromatic
ring system or (iii) RL and R5 together with their ring atoms or R2
and P.G%g‘g ther wi th their rlng atons, forma 5-_to 10- rrenb ﬁ d
fused s %P, Hipaud it @S 80Bp afﬁerfaw?cedrf?ﬁ’@steyé%oaﬁg&ﬁagw Qr &1 of
Rl and B3 ashodss. defi ned above in (i); or (iv) le and R5 together
with their ring atoms and P,2 and R5 together with their ring atons

form 5- fuseds t yr at atura romat.ic ring
system [‘{”865 9] “ 18" 4o ﬁﬂsea‘ioatrﬁsgflﬁcrﬁscow °P%e%@ﬁe§?°wse§° Rer
wi t h t hegliase-¢dntrgpt ﬁio@cﬁ‘ésopfy@]idw ellGulnires af0r expraoteas BASS B d5,aB0 nmtzmd 24 |1:Blj

Sheent 2 BB e A RSk phfeg B Rbe B Benan by PR R B

r espect condhgney el eiltueest above, R5 and R6 are each independently
straight or branched Cl-Cs al kyl, straight or branched C2-C6 al kenyl,

straigh br N sed
o 2% Sopey rBEASH, Sl RS UGAELIE | 0B
Cs-Cl'o iy webict a0 TN RBAGN 15 JBNGH mbzseaanmmz @réﬂhxa}aﬁypoptﬂ@lsm

l k l 0 C 0}]1 c 1

a k)ymyI c%ﬁéré“%%%7 m% ﬁav%d%?hég 9 Q@l %ﬂyss llOOOOceIls
subst i t Heedetesedder eypiyypample. Livinacells o inphg ysipmdeft ﬂlr@éraa%&%%a%ﬁlrl gaht s
12.1 tog ﬂaizmumﬁgﬁ@a%bﬁ@gh@qua&%y@m LA FLyYaddanSa Oﬁéﬁﬁ)ﬁé)éeﬂgﬁi'tﬁe @@abon

atons repl aced a_ het eroat om sel ect ed from . P.

Rel T g GredeRs (epoie b nd High D e Doiatasy of @i R I KBS Oy
optiona&&&eﬂmsubstltut ed with one or nore of straight or branched
Cl-Cs al kyl, straight or branched C2-C6 al kenyl, straight or branched

2 Xk dm&fn%}%@é%@?& ri'fgpfagofcgﬁin%'a’égﬁf ‘t%ﬁéjw&x Y GLAA M velicdng

systens , 1 SOCY anat o,
car boxyBN G IRDBQM@%;IBN@S&@B@WZ for T2, mwl cydnﬂ:nmbumeray piscssed by

acet oxy Itr 3
L Rty et Bt

whi oh REHoA TR MBS wepascielsaB h Bt aflld it o1l cwlﬁghaée@b% 9F 639 b RO pepmioApRy

125 ar epah bAGE theMRYn R TORE hARIALLMihABAACed Wi th a nitrogen atom
[ 00103] The above conpounds nay be present in salt form Thus, | Mss

that ma[%ﬂ'lfﬁ usﬁéjurb 38, BVISs induce cleavage of caspase-3, caspase-9 and PARP, Western blot
analysis for the effect of IBN 15, IBN 19, IBN 24, IBN 25, IBN 32 on the cleavage of caspase-3,
Caspase-9 and PARP in HLE cells after 72 h exposure to indicated doses of IMSs.

[0076] TFigure 39. IMSs-induced apoptosis was accompanied by accumulation of p53 in the
nucleus. HLE cells were treated with the indicated dose of IBN 19 and TBN 24 for 48 L. The
treated cells were fixed with 4% formaldehyde, immunostained with anti-p53 (green fluorescence)
and DAPI (blue fluorescence), and analysed by confocal microscopy.

[0077] Figure 40. IMSs-induced accumulation of p53 and p53 phosphorylation on serines
.1_5, 20, 46, and 392 in pS3mutant HLE cells. (A) Hepatocarcinoma cancer cell HLE were freated
wiﬂl_l indicated concentration of IBN 15, IBN 19, IBI_\I 24, IBN 25 and IBN 32 for 72h. The levels of
phosphorylation of p53 protein and Ser-15, Ser-20, Ser-'_46 and Ser-392 were defermined by
Western blotting. B-actin was used as a loading control.

[0078] TFigure 41. IMSs-induced apoptosis through the initiation of the mitochondrial
17



the present nethods include pharnmaceutically acceptable salts of
conpounds of formula | and & oners and pol yners of such salts. Such

salts have a structure of the general fornmula Il; RL,R5 N( )I6 R7 4
xe 01) [00104] General fornmula If is as defined above for general
formula I, with the further feature of counterion X Xis a

pharmaceutical ly acceptabl e anion, including but not limted to
chloride, brom de, tetrafl uoroborate, hexafl uorophosphate.

pathway. Cells were treated with various IMSs and the levels of Bel-2 and BAX were assessed by

‘Western blot assay.

[0079] Figure 42. Real-Time PCR array analysis of p53 signaling pathway-associated gene
expression. (A) Anti-apoptotic genes. (B) Growth inhibition gene SESN2. (C) Cell cycle check
p'oint genes. (D) Cell proliferation genes. (E) DNA repair gene ATM. The relative level of gene
expression was normalized with housekeeping gene GAPDH, Values are expressed as mean &

standard deviation,

[0080] Figure 43. Effect of Compound C (DBZMIM) and compound 9 (MABZMIM) on
lnng cancer and gastric cancer cells. Cbmpmmd C (DBZMIM) and compouqd 9 (MABZMIM)
induced morphological change and apoptosié in lung cancer cells MDAMB 231 (A) and in gastric
cancer cells MKN 28 (B), 120 h after the treatment.

f0081]  Figure 44. Effect of compound 9on HCC-xenografted mice. Tumors in the HCC-
xenografted mice in the control group and in the treatment group, 3 weeks post inoculation, were
shown in (A). The tumor growth curve and body weight chart was depicted in (B) and (C),
respectively, * P <(.01.

[0082] Table 1. Names and Structures of IMSs.

[0083] Table 2. IC50 values of IMSs.

[0084] Table 3. IC50 values of DBZIM in various cancer cell lines..

[0085]  Table 4. IC50 values of IBN-15, 19, 24, 25 and 32 in HLE cells,

[0086] Table 5. IC50 values of DBZMIM and Compound 9 in gastric cancer cells.
[0087] Table 6. 1C50 values of DBZMIM and Compound 9 in breast cancer cells.

[0088] Table 7. IC50 values of DBZMIM and Compound 9 in normal breast cells.

DETAILED DESCRIPTION
[0089]  The methods described herein relate to the discovery that the imidazolium and

imidazolinjum compounds (collectively “IMSs”) as described herein, including in the form of
imidazolinm and imidazolinium salts, may be used as anti-fibrotic and anti-caricer agents or to treat
fibrotic disease or cancer. The inventors have sjrnthesized novel IMSs that may be used in the

méthods described herein.
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[ 00105] The term "fused"” as used herein in reference to ring
structures refers to the sharing of at |east two atons between ring
structures. When two ring atons (either of which nmay be C or N) ate
included in a fused ring system the ring systemis fused to the
central imdazoliumor imdazoliniumring. [00106]In particul ar

enbodi nents, the Osshed |line may be absent or is present as a bond to

o o A PO e Rl Pt e a8 e

or t ogeNpessubMitoted] iRgdatolining grgai,lﬁﬂﬁlbimlgéﬂ ?&oléwwﬂﬂbmmm afel SN
aromatic.rjn an re_both H n ; re
each i niepHY é’ﬁ%( ‘?”‘%Jélf"sragﬁgmm SRR GRR ‘%é‘blﬁ ?ﬁbe"gmten g‘mﬂﬁg Ei?atﬁ
br ancheds tBEt is §3@scal 1&@:&1’3&52.0163 ﬁﬁﬁh@:[ﬁﬁsﬂf ishicaiporaed n:(.“x&a:ﬁj&auﬁtbg{éﬂlfﬁblecmf@ds

cycl oal k L ncl ydj, use aIk rin i_ns

Go aryl ﬁ{% °C§ “319 dm&%‘”&% agF Pfeo %Pgﬁ%gﬁ%ﬁ ﬁm&h%%% c%{ )@5{1 %
al kynyl etaR7999$(GdSanaVR¢eﬁdl asbd)ch substituents to R7, where appl i cabl e
may have one or nore carbon atons replaced with.a heteroatom sel ected

f rom N, i

W th on or rma(?% g?a @é’tﬂrf%[%%g o]%rﬁ’gg‘lgi chééﬂ%ib%ﬁ%ﬂs 1?@8%#?%? géﬁ%%g?r
br anchedieyqroee. Shkeeppbnic struckirasing sebilitys addive @13@3‘1%11% spipiyyAnd elfigacyRf
cycl oal Més Gola wel ng tﬁ%ﬁxgrmg @II.IEJ&{'I!U l{ts! @&sﬁﬁfé&se&ﬁsche ﬁ@mgega@m@BVthm
fluoro, t r| uor arret nat o,

car , carb | am no, acetyl,

0x0, ni tepil nw@etmlckwynng@éﬂ@@n@ﬁcmna b@nd@stoaci giriba\pentral ring” of
[ 00107] frgs r@féﬁ%@ﬁvé faelﬂ@:;ea% seTsle) r"' Q‘E&Bg%n 2l (&&@ﬂﬁé’ﬂﬂdﬁﬁu obe an

imdazolinmsalt; wt doubl'e bond between the two ring at m; to

whi ch RSiCHeEeRai P Bhigh VeRoRR aib S HeT PR S8 OB R T TEe olgehs.
CONMPOUNDIIIERYovRR ifRpdnBivel @7k édicAlIP tSriable builiey 2ddRs 133 ﬂﬁ@éva%r:&ﬁtﬁbf novel
hydr og @s and there is only a single bond between their ring carbons.
In yet BFAE“Snbodi ments, R3 and R4 are nothing and RL and Rt oget her
with their ring atons forma 6- to 10-menberedfused aromatic ring
system [ﬂpwloaomél\@ubstpretum of NebetppivslinegriRBesdNHCRG NFHRerls be eAsily) .
For ex

a%%oun% h‘gﬁer s na%f%%kg{%g%sm& mﬁ%z\ﬂoéueﬁ oftﬂ@oa?&ﬁ?ﬁg tod@bi@LnRBY

be a co ar e e Ssane ferent
enbodi nivod nifezen ptoppofily tratralring ke g Nowhyigisaig MFCe jiegerspated from these

cycl oal ivehog teehd@hiidn bbde s hﬁ&r&xaﬁﬁsﬁmbaﬂ@m@r DEsFbesHPE ot BI85 or
R6émay conprise  a phenal kyl group. |In other enbodi ments %‘e or both

of R5 %W&W?“%%PF%@%@%&?W%VF S‘ﬁ?t&?&r}m e[‘@@‘ﬁ?b‘ﬁ“ Fe%- t hat
may be used in the present nethod al so include oligonmers or polyners
f or med [0P83H cdnjpdiffichét tofengeeaHALs fou FuiSsavith suftitents bkt thematydragen gomd

her e' n, 86 Eh%f@r %S1E911 cffgﬁ)ercegéﬁﬁgé %é)&%ve? la’:adgﬁ s%eci% n?ariy ta ¥orned frofd thdiDiness b@’ of

nore, 50 or nore, "100
or nnrecleatﬁeﬂmermmTpounds of general formula | connected
together in the manner described bel ow. Thus, oligoner includes

di mer s ‘poguft i r@k%wenﬁ@ ham%ﬁsaove&a N ﬁlay botise@ ¥l e,
100 or m)re 150 or nore, nmore, 250 or n%é&, n&:o

1000- orft é%ffé‘&eﬁ Ggen@ffor 5@?@? fétfr Otfcdil?‘?ﬁﬁegr F90EDN gfﬁ’t‘tﬁ H t he
manner gesalt Heshy, A8d MBS as described herein may exhibit anti-oxidative and anti-inflammatory

properties. Both fibrotic disease and cancer have been linked to oxidative stress response. In furn,

C"T(')

in hoth fibrotic disease and cancer, oxidative siress has been shown to be closely linked with

inflammatory response.

[0095] 1MSs that inay be used as anti-fibrotic agents or as anti-cancer agents are compounds

having a stricture of the general formula I;
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[00110]In ol igoners or polynmers as used herein, conpounds of general
formula | are connected to each other to form a niacronol ecul ar
structure, which may be cyclised. [00111] For exanple, trinmers as
described herein include 1,3,5-tds(4-roeflryl-imdazoliunm- I|inked
cycl ophane or a pharmaceutically acceptable salt thereof (112ZIM.
[00112] In the macronol ecul ar structure, two conpounds of general
formula | may be connected tggether!§o that one or noreR2, R5, 129 or
R 7 substituent is blvalen§ nd i s/thus shared between the two
conmpounds, rather than hal Nevant substituent present in the

ol i gomer or polyner for everyp ound of general forrmula | present.
For exanple, in such a diner,{!tw® Blnds may be connected by a
shared bivalent R 1 substitu nd thus in the 'conpl ete diner,
there is only one occurre of ¥ R 1 substituent for the two

conpounds of general formil & 1. [0Qd13] Thus, qpconpounds of gener al
formula | may be joined to each other via a bival’ent substituent such
as RI., R, R5, R6, or R7. For exanple, an RS substituent on one

conpouni®098]” gdn dermiulaflgheddseed linprisybsenis i4psesRE 2phbendde fsrd SEERRSIAd of
gener al %»948 ,ggie%aﬂboé %%%ﬁgtan& Rext w%ch&mau egﬁon% %ichrﬂ%agd m o dltached.

shar ed st1tuent , mers or be for.ned
by |i nkThve th@murﬁwhwﬁla @ﬁatr e@ aﬂaci@ed aqrizhe gaghon Ezewhl F@Fé&b%ff’ PAgR s

For ex l%moﬁﬂe@@ﬁ% Ot mﬁgm@o%%f PudBR vorre! ude
2, 6-di - (3-benzyl -||n|dazo I'um brom de)-pyridine or a pharmaceutically

accept aﬁ)bgﬂs al tl : 9 %‘E‘ 8) are gatggmdepezldenﬂy H, straight or branched C;-Cs alkyl, straight-or
branched C;-Cg alkeriyl, stralght or branched Cy-Cq alkynyl Cs-Cyo aryl; or (ii) together with their
ring atoms form a 6- to 10—membered fused saturated, unsaturated or aromatic ring systern; or (iii)
R! and R together with their ring atoms or R? and RS together with their ring atoms, form a 5- to
10-membered fused saturated, unsaturated or aromatic ring system and the other of R!and R?is as
defined above in (@); or (iv) R! and R® together with their ring atoms and R? and R® together with

their ring atoms form 5- to 10-membered fused saturated, unsaturated or aromatic ring system.

[0098] R*and R* are both H, or, when R! and R? together with their ring atorns form a 6- to 10~
membered fused aromatic ring system or when the dashed line is present as a bond, R®and R* are

absent.

[0099] When R® or R®is not fused together with R? or R?, respectively, as set out above, R’ and
R® are each independently straight or branched C;-Cy alkyl, straight or branched Cg-Cs alkenyl,
straight or branched C,-Cg alkynyl, Cs-Cig cycloa]kyl includihg fused cycloalkyl ring systems, Cs-
Cip aryl, Cg-Cip aryl-Cy-Cg alkyl, C-Cio aryl-Ca-Cs alkenyl, or Cs-Crp aryl-CorCs alkynyl, C1-Cs
alkyl-Cs-Cig aryl, Co-Cs alkenyl-Cs~Cip aryl, or C5-Cs alkynyl-Ce-Cyo.aryl.

[00100j} R’ may be H, C1-Cs alkyl, phenyl, substituted C;-Cs alkyl or halo,

[00101] Any of the above substituents R* to R’, where applicable, may optionally have one or
more carbon atoms replaced with a heteroatom selecied from N, O, S and P. As well, any of the
sbove substituents R" to R7, where applicable, may optiorially be substituted with one or more of
straight or branched C;-Cs alkyl, straight or branched Cy-Cg alkesiy!, straight or branched Cy-Cs
alkynyl, Cs-Cys cycloail_e:yllincluding fused cycloalkyl ring systems, Cs-Cyp aryl, flnozo, tri-fluoro-

methyl, cyanato, isceyanato, carboxyl, Ci-Cs acyloxy, C1-Ce acyl, carbonyl, amino, acetyl, acetoxy,
20



[ 00114] Sharing of substituents as described above can include sharing
of two substituents that together with their ring carbons forma
fused ring system Thus, for exanple, if RI. and R2 together with
their ring carbons forma ring systemon a first conpound of formula
|, additional carbons within the ring will be ring carbons froma
second compound of general fornula |I. For exanple, dinmers of this
description include benzo(1l, 2-4,5-diimdazolium-N N ,N, N'-

t et r abemoyhitrolihyfmoxyki G eCsalkyieapbray fr€edkixyAld§s dicoept @ffalyarty. t her eof
(TBN-29). [O0115]Alternatively, a substituent such as one or nore of
R1 R ﬁm% RéoQy of%e7nd§%¥rb9£ataﬁ>€bdmcﬁ1@ ABRE R hirShaRnS B $ihk badkitto ON

a second c ound in order to connect two conpounds together to form
an ol i guhelk Romnd Bo pspasschedmey tervgdonareplaggd|Withigaitepgen #%ur r ence of the
rel evant |inking substituent for each conpound of general formula |

in the pOiQIINEr ‘THe dpSNeYBRbounM ihiy Holpees6R AU AR fI‘aﬂlsL]'I\mS}tudttrdabhemmhxr al
formula_| may be_ joi ned togetheraﬁoligo rlsqué InB’%‘P f ﬁ% m}/ one
or nor e FEFEHPEers iahide phasmaceygsallyasechiapys sgifs of Ronaads of forme Landeo
exanpl eoligstheld ahi flYoserd dTGhdbchaits? Sachrselits Hade H@nctyite-of Eigetrza0 Firmnta 1T:

brom de)-1, 1' - bi napht hal ene or a pharmaCeutically acceptable salt

t hereof (133N-23). [00116&Add|t pal ly, two conpounds of general
formula | nmay be attacIH%,d by a gingle or double bond between
respective carbon atons h R7 is attached in general formla
Ito forma diner. These noliiec | ude for exanple,

1, 3-di benzyl-2-(1, 3-di benz zol - 2(3H) -

yl i dene) -2, 3-di hydro- 1H-i |l e or a pharmaceutically acceptabl e
sal t thereof (conpound H}.. [00NL7] The &1 gonerised or polynerised
conpounds may be the sarreRcorrpomﬂd such that all @ubstituents in
general fornmula | are the sanme in each oligonerised or polynerised
compoun may, tvh]}%pﬁ

differi ﬁ’ q %{Jt meﬁ&%ﬁf&&ﬁéﬁ% d‘é!%ﬁeﬁ aﬁ&% f&r on tlﬂﬂi gﬁﬁ%?rvfgamel%t
substit Qf@mntmoném BEis mphgma@euwaﬂy a@mhémﬁqn, beluﬂlh@b@ apidingited fhehloride,
conpoungls;.| thhﬁ&ogdgﬁefﬁle}yﬁl&gﬁhogﬁhgﬁtl tuent is shared. [00116] Table 1

contai ns the nanes and structures of particular exanples of the | Mss

ri rei
desc bﬁ)g"l lgﬁ € nThE term “fused” as used herein in reference to ring structures refers fo the sharing of
at least two atoms between ring structures. When two ring atoms (either of which may be C or N)

are included in a fused ring system, the ring system is fused to the central imidazolium or

imidazolinium ring.

[00106] In particular embodiments, the dashed line may be absent or is present as a bond to
form a second bond between the carbon to which R* and R? are attached and the carbon to which R>
and R* are attached; R” and R? are both H or together with their ring atoms form 4 6- to 10-
membered fused aromatic ring system; R® and R? are both H or nothing; R’ and RS are each
independently straight or branched C;-Cs alkyl, straight or branched C,-Cs alkenyl, straight or
branched Cz-Cy alkynyl, Cs-Cys eycloalkyl including fused cycloalkyl ring systems, Cs-Cig aryl, Cg-
Cio aryl-C1-Cs alkyl, Cs-Cip aryl-Cy-Cg alkenyl or Cs-Cip aryl-Co-Cs alkynyl; R” is H; any of which-
substituents R* to R7, where applicable may have one or more carbon atoms reﬁlaced with.a
heteroatom selected from N, O, S and P and any of which may optionally be substituted with one or
more of straight or branched Cy-Cy alkyl, straight or branched Cp-Cg alkenyl, straight or branched
Cy:Cg allcynyl, Cs-Cyg cycloalkyl including fused cycloalkyl ring systems, Cs-Cio aryl, fluoro, tri-
fluoro-methyl, cyanato, carboxyl, carbonyl,‘ amino, acetyl, oxo, nitro, C1-Cg alkoxy, Cz2-Cs

alkenoxy, Ca-Cg alkynoxy.
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2- benzy;ol[ﬁh AZO0[ fhyro; %Jﬁﬂlﬁlnb B diments, the compound may be an imidazolium salt,
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% g 3I Siéx%mgred» b 196428, rgqgﬂoxeph%f%aae 5 bﬁm@a@bt bt T i, QEOI(JEBEHSM
| a

taid br omi d
ot hyl | PP PSSP E (O FRTORHS P B036e8 e A AT A

C h| Ol’ i dee ﬁﬁ@ﬁ@@é&ﬂﬁbe@below Thus, oligomer includes dimers and trimess. “Polymers” as used

| ar aant 3f t i met hen 5-di LN
ohi or | CRRRBRb R 55 i RIS L SR B ol L B 3 b
( ConpoutiboSRnprelcpBpdnindy df-genrira vritiaTcotectzd m@ihz@rh thg mautek éaspxdred below
(Compound 83), 1,5-dlcyclohexylbem m dazolinan chloride (Conpound

56) ., 1, po14d SOPHQRKhhR Qlap%%éﬂ éérdﬁezit}ﬁfeﬁﬁgézhﬁﬁm&r@t@nefa@ﬂ%ﬂﬁmﬁlteS7)
1, 3-di | sopropyl i mdazolium chloride (Conp

2- (2, 6- SAnpesHdio pAFh prherTe Jorp aomarEqpRlecle BT WB“%PWF’? ehefitet o.

. hexaf | uor opbosphat e (Conpound 59);

1- (2, 64[003 0¥ opyEpternydly, tiBméR agideeribed ret fnglugh é,ﬁﬁ;j:)ls(ziﬂnﬂkdhmﬂaznﬁm

gm 8::: g@%&%‘%ﬁﬂ% 0%1{ ) awzc_euﬁcajly chep%abls saﬁ Me}goff?ml 5-a] pyridinium
2-nmesit 5,6, 7- teorahydro yrrol op, 1-0]{1, 2, 4l tdai 01-4-ium chl ori de
( cOnpouém b)), In tBemﬁfﬁQImﬁla@gﬁ#ﬁiﬁ%%9 rReaEeeBids et avRcid Foaprla SPBRBY at e

( Compoupgy et eﬁnepééttﬂa't Bad & LﬁBf'é Rd 'Ka)ﬁsr@qd?l{h}u%ﬁhbﬁtqm%nt 44l is thus shared

| i exaf | uor ophosp ate (Compound 514), hydr o- 2-
pent af | sV espHisee BMPOPR%?’WF @F@h%’ﬁ é]-‘&qu arg: Sgbspﬁqeg@rps&ptﬁn the oligomer or
tetraf ( bﬁlﬁﬁé}rf&te%e& Q&HP&H@ o %ﬁé)ﬂ fhyrtla KHrQ8MZ YhP&R Al ledin dahl g two

brom de, 3-di benzyl- 2anei hyl.i nai dazol fum bronide, 1, 3- quépgeg
di | sopr %@How@a@ambﬁpwﬁ%mwhw Pigpleps R qubstippnts and s in the ¢ §retm
tei nfl uRERRPHIFone ﬁ%ﬁde@@n ROPAHAEPhe 8888 ouh@ i idrdral fomAelh Bde

novel compounds | nc udl ng |-ethyl-3- nethylianidazol rum
i: rrn?)i Eﬁ’ 31% %‘%ggdsz m@amay be joined to each other via a bivalent

| - met hy debirheht ﬁﬁli B@KS{ RbeAZRA drR70Fsazahild) 8 R’ substituent on one compound of

general formula I may also be R’ on a second compound of general formula I such that the t\yo
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met hyl i m dazol i um brom de, 1-nethyl-3-(2-hydroxylethyl)-imdazolium
brom de (D3N-2), 1- nethyl-3-(4-isocynatobenzyl)-im dazoliumchloride
(MN-3), 1-nethyl-3-(4-carboxyl benzyl)- im dazolium brom de (D3N-4),

1- net hyl - 3- (4- acet at e- benzyl) -i m dazolium chloride (M\6), 1-

met hy1l- 3- (2, 2-di met hoxyl et hyl ) -i m dazol i um broni de (103N-8),
1-(2,4,6-trinmethyl phenyl - 3- (l{; acet ate- benzyl)-i m dazol i umghg orldde
(M\-9) , camppupissahiinked 52 b RSFR STREBEEI- RHFLE 0 AT RO T7S may be forme

1- benzy iy M@&ﬁ?@%h@m@l ﬁlr{étﬂﬁ Rmugﬁ%ﬁhﬂslﬂﬂrﬁ Ie| @ PANs 17)
1- benzy1- 3-( tri net hoxyl benz P2 met hyl i m dazol i um chi ori de
5@¥W9

( TBN- 18)1350119u9ém1&163 Sdir (fspdigid 50-rf2de)ﬁ§§%q¥§?1 VA i
chlori d@ccé@@&lk deWthereof (BN-22).

1- benzyl- 3- (4- et hyl car boxyl at ebenzyl) - 2- met hyl i m dazol i um chI ori de

éfgrl\“l_ 32 ng;‘z%ﬂggggéuggl%gﬁ%g f\’/'?]h @%&% ?%ﬁﬁﬁﬁ%& °pyr i &%gms

(11 5N- 2 s togetBer wilih-tieB-ring Blydnis lfﬂrﬁiazfﬁdetltiﬁg\sybtémr’rﬂ‘ﬂiﬂ) fot exbuple nﬁabmiﬁél ene

D3N-23), 1-b (4-neth 7i | 24 ,
(1- benZy%?-gét}E‘Erﬂ%‘Bﬁ?%W% W@%ﬁ?%bae%% | na Z(f?nr%lmg‘bz ? %ag’h %rl e :
(1 BN- 25)arbdud hethiythe ﬁng(vﬁﬂﬁeﬁﬁg/&ﬂﬁnbﬁmyhaﬁceﬂmmmp@ndﬁf péveral/forniud Id &eol i um

brom de. henzy.l-3-(4- cet melazd i um
br omi de® ’%5155% %E?%mﬂ]fﬂﬂ i‘%’i’u ’%’%ﬂdﬁ &1 22%59&%‘?%?"%“‘%E§“2‘Yyh i dazol i um
chl ori deuéwzﬂ&)-bmmzde or a pharmaceutically acceptable salt thereof (IBN-29).

Benzo(1, 2-4,5-diimidazolium-N, N ,N', N "-tetrabenzyl -, di broni de

(MN-29) 500%1bgnzyk1ém@@veﬁr Q&xghﬂeuys’la);n L0 82abik YR DROHHE ok RBA:AR) |
1- benzy %roxy- ropyl)-im a20|nmbromde(D3N-31

1, 3-di (izo%lﬁ nanathpRAug hﬁ“‘?ﬁﬁa‘ﬁ%ﬂnla&?ﬁ%ﬁl gnvRgEnd in prdenio gogmect two coﬁpounds
1- beni y fpdhédo ?&ﬁtaafoﬁgzﬁﬁz ¥y, dad ¢ ek 6l 8 dudl ScdutrdmtbloBB) relevant

1-b 1-.3- di 2- - b P3N- 34
507 Y haee bk et er A o O et oo e BB o Pelepg int
1, 3-di bemp&n&fé]hgwdmb@dﬁwﬂfomarmﬂwjeﬂnm&@@tﬁa ;dhgdamw)zqtarsdmmbdr o-

1H i ni dazol e m daz

( conpoufi A 03%2’%3%8’3%%%2% 31%1% ﬁ%%"ﬁ%f ﬂ|?°rm({:f'mzpo |l|#’un C or|
1-(4-c aﬁbbdy(beham ImiBaznirtninfroxmide)- (’ﬂ,az-blhmphma]bmeom gigharndacemsichily be@piplie 3&11‘-
acet at e; g&éj dazol i um chl ori de,

1- net hyfth % 3 met hoxyet hy11-i m dazol i um brom de, and
1-(2,4,6-tri rrethéﬁﬁ@eb%ll 3-(4-acetate-benzyll- |mdazollaﬂl chI ride.
[ 00123] 8% 18bnpo Y-JBA &P EPOuRGT Frarnsryl fogRpa bpey Bheieeheq Ry 2 5ot ?‘/?Fers
t her eof dqube: HRRBEEEInAEpYctiaY@irboallensas whRly RbE aﬁacn&&m%bm fmﬂm Yto form a

routi ne chemstry, as de bedln eExa .

ot hots 5T o Dt kle S e o Fe 5 et LB PRt o B 2Ry o

Zhang etlidehe)-2D0ihydrCH Hdmihenland p@amtamﬁcﬂl@@&cepmme Baythstad icoetpowid H).

2005. [00124] Thus, there is presently provided a method for

del i ver an ' z t
Ld(i')}ﬂr’rp?rs tPhe Bﬁ%ﬁﬁgfﬂeﬁ ofal s?d[ ﬂ'{ﬁtﬁﬁﬂs ﬂlgjegé thEQanﬁc%ﬁmend sb& fhat

met hod ing contactin an erfective anmunt
conpouneéll sbstieentsialgeres f@mﬂa I are éhe;sﬁw e pdigeragrisgd @Ed@é’ﬁteafﬂdé"%%ﬂ“tl &
t her eof 04 2 sBlehd G el P HREuchRafEAke bdRRE L5k Aolis ath heeRk ftion
"deliverin an anti-tibrotic or anti - cancer agent to a cell ers
to provibet S\%gfetl hivalggfenbstiupnt Spfubptipea il obyigsly bﬁ%@%@?ﬁf’ fnthe ‘@I%Pﬁ‘éldé B |
such th hg%m{suggﬁa%gmmédts anti-fibrotic or anti-cancer
effects on the cel In vitro, for exanple, the agent may be
delivered to the ceII by adding the agent to the cell culture nedia.
In vivo, for exanple, the agent nay be delivered by adm nistering the
agent to a subject as a pharmaceutical conposition. [00126] As used
her ei n, [00d98T act iTabe 1@oraghd the ®fves snd soruchineef pasticdlar sxdinples of thoiSact

wth t hgesgx%clc_lherein.

[00119] In particular embodiments, the compounds of the present invention may be 1-ethyl-
23




Direct contact refers to a direct interaction between the agent and
the cell. In contrast, indirect contact involves "contacting the
cell"™ via interactions with other nolecules or conpounds. For
exanple, the agent may interact with a nolecule, affecting a change
in that nolecule that canses it to interact with the cell or interact
wi th anot her nolecule which will then interact with the ceII to exert

an effect. |NabhfEbidRARHAAL MR RYLE Rk s??mpyﬁxagc%ég | Q% dictert

i nteracti OI']Sb on

4"??Iln n effeéect
anti-fibrotic jﬂ’é B’g’“héé Isl@éi“@%nﬁmﬂémeﬁﬁgﬂlm, h3-bytRpimithatigizbenal)t er s,
reduces or [imiebiibhnrnliend, @&isoﬁﬁﬁﬁ@ﬂén%ﬁ%ﬁﬁzogﬁtﬁﬁcf?d ARI0GLALS, pﬂgﬁ%ﬁ.g_

fibrotic disg ent may be ah ant
or an anti - oxé?jg’ﬁafn ] 011 g%@%f %5’8%’?’18’%’8%“ “ﬁ%tleﬁl“adﬁﬁ@éh@é‘ @ﬂ,&mmpwphqnw 5-
activity. of ﬁh%mgémhunmmmﬁﬁmgﬂaﬁﬁmﬁﬁnﬁa 33 %%&nﬁ&l@%%c&lﬂ{dazolmm

neutral i ze pr Ct"e
S L B L U ot

pro-infla
parti cul am%é‘éﬁippf@ﬁéhﬁwﬂﬁﬂqfkbﬁmidﬁm[a@em:ndiﬂymr B@!,K:rﬁis rodyAEAIL3-(2,4,6-
fibrotic di &ﬁ:&&@ylﬁkﬁénylﬂﬁ)ldd’zgﬂﬂlﬁﬁ QQn HyllSa e El al, nzgss7—

activation th;a@@)g rot i C seas

cells, (b) 1Ryeig ff Elgﬁﬂfi%%na@tuaﬂas(mdmmtybmhammml1\,43@%4@"

fibrotic di smcawlméthﬁz)-nz@mﬁmdoﬁﬁm,m-m@m igmugﬁfmge 10 %g dﬁz’ 1,24
nvo

contractile t Or, eSponNses o
(Tbrofic d B D e Sk ket Srshom s BNCEE 1. L

or Fas; é%ﬁ)opﬁﬂﬁﬂmmw@mg@mm:agt Sttty ORI AR a@mm%aﬁeauﬁe&ﬁ&m
as used hereﬂﬂh&r@j‘fers to a conmpound that alters, reduces or inhibit
nol ecul es, mechani sns or effects assom ated with cancer. For exanpl e,

the agent {bg; an A, or an antj-oxidative, induce
apopt osi s, rr?ﬁ}hl %llt agﬁﬁﬂkmharcm m&?&\ﬂn‘ﬂ:‘mﬁpﬁ %E)Pq’:h‘iﬁf‘ﬁemﬁ?‘@llﬁmr”éiﬁ%'tbﬁéﬁthﬁ*

i nhi bit DNA r"ﬁf‘?’éf'meﬁmﬁyw%bm&mﬁwmmbﬂoﬁyﬁlmatm@1 B.w ty of

mol ecul es assopbRadb ] 3 S
fol eou! BroBi] ik &@ﬁ&@faﬁ%&z’tg SIU’J Ails Sé% E;Mugﬁgz ﬁ{ﬁ&fﬁ&&&fﬁoﬁgorate

[ 00129] The W%ﬁﬁ@%ﬁ&ﬁﬁ? °F‘F%I‘=%Fﬂ®f®9mm{ﬁm%ri@ehﬁ@&éﬁt |s to
be provi dedwymmm&dlmummd&mm n %bx&(ﬁ% c&i@‘nlpkcrpyﬁ?lﬁﬁ}l

cul ture, oOrinAfuzbihs I as used
herein refers to . af%&?% {%P s]? ng fﬂf Cfalmmﬁl ?‘ﬁ’rdﬁﬁqct"?%‘fd el bepzgri-
a popul ati oft° i Fl@eé%?ﬁmd@et%wwmmhﬂmmmhﬁammﬁe (Compound ),

speci fi ed. IFﬁeademherIM Q&u@ﬁbt&;ﬂph!ﬁﬁﬁ@ﬁ-ﬁ&&&mﬁxﬁ&%& ﬁldg om&'yﬁund S0, 2+

gxpl ant ed fgc %Jl’?cat]q, f n§¥ % in VI2VO ce

imlarly, T ef erenc ’?lgm d {FWE‘P?PG@§ ¥ é?'@ﬂ@n@émwlhbwwgﬁﬂhm

cel | wher e SHdeiGorpernt B3 L3ultyelbbenyhheduidealian embxﬁdee{éammgéw fhe

?n eLIr oz)nrié aﬁ?ﬂ@é%&ﬂ%&a@lﬁ&%ﬂr&ﬂ%&%ﬁun%m iR bpron hrsdazolim chloride
(Eompound 38), 2~(2,6-d11sopropylpheneyi)-S-m&th}rhmﬁazo[l S~a]pyridintum,
hexaﬂuorephosph ate (Compound 89), 1-(2, G-diisopropylphenyl)-3-(2,4,6-trimefhylphenyl)-
widazolintum chloride (Compound 81 ), 2-mesityl-5- methylimidabofi,5-]pyridiniumg chlorde
{Compomnd 811), 2-mesityl-2,5,6, 7-tettahydropyreolo[2, 1-c)[1,2, 4ltriazol-d-fum chloride
(Compound 512}, 1,3-bis(1 -adamantylYridezolinium tetraffuoroborate (Compound §13), 1-butyl-
3-{2-pyridinylmethyi)-1A-imidezolium hexafluorophosphats (Compouad § 14}, 6,7-dihydro-2-
pentafluorophneyl-5H-pyarolof2,1-¢]-1,2 J-trizolium tctraﬂuroborate (Compound 815) 1,3~
dibenzylbenzimidazolinm bromide, 1 3~d:ban.¢yl—2~meﬁayhrmdaxohum bromide, 1,3-Bis(2,6~

cinsopropylphcnyl)zmidazohum chloride, 1,3-Di-tert-butylimidezolinm tetrefvoroboraie,
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i ncluding a bacterium or an animal including a mammal including a
human. [00131] The cell of the present nmethod may be within a subject
haVing fibrotic disease or cancer, a subject requiring treatnent for
fibrotic disease or cancer or a subject in which prevention of
fibrotic disease or cancer is desired. In some enbodinients, the
subject is a human subject. [00132] Fibrotic disease will be

under st ood bygad es art. to.refer to a condition which
may be char agt eﬁiﬁged (@é é(?gl g B@ B€g°f‘ﬁ51 Rrpla! RECVST comppwdy Including drgthyl-3-

ti ssue or dové‘%ﬁﬂﬂp&%fa?m?ri—mﬂzxéeaﬂrzawébi)u&ta?)nﬁmtammm nm%fhypst &o%atabmyz)
tissue and MmeidhAG r. fibr.osi 05|s
lung fibrosis boneIH emrﬂgg |3§¥%Q&§dble’r1# ~n§1}§ifz%3 1S i’m‘ﬁi’l%' 'aﬁ‘gﬁ‘ﬁ e
tissue. Thit H@‘fl&é’}&‘ﬁﬂﬂr‘é@}@'ﬁ”@wﬁﬂ@tﬁ%%ﬂlﬁé&&é&mﬁm,p#(@%ﬁ@t&ﬂaﬁxﬁpﬂdﬁd)_s_@.
2007/ 0043016 which is herein incoporated by reference. [00133]In one
enbodi mrent of the present nethods, an anti-fibrotic agent nmay be
delivered to a cell in a subject having hepatic fibrosis. The
conmpound may be for exanple 1,3- diisopropylimdazoliumor a
pharmaceutically acceptable salt thereof. [00134] A skilled person
wi | | understand cancer to enconpass a class of diseases in which
cells exhibit abnormal cell growh and the potential to invade nearby
tissues. In sonme forms of cancer, the abnornmal cells may al so spread
to other locations in the body. Different types of cancer include for
exanpl e, breast cancer, colorectal cancer, brain cancer, prostate
cancer, cervical cancer, ovarian cancer, bone cancer, skin cancer,

| ung cancer, pancreatic cancer, bladder cancer, gall bl adder cancer,

ki dney cancer, esophageal cancer, Hodgkin | ynphonma, Non-Hodgki n

| ynphoma, | aryngeal cancer, |eukemia, nultiple nyel oma, oral cancer,
pl eural nesothe]ioma, small intestine cancer, testicular cancer,
uterine cancer, thyroid cancer and stonmach cancer. [00135]1In one
enbodi ment of the present nethods, an anti-cancer agent nay be
deliverd to a
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cell in a subject having hepatocellular carcinoma, |ung cancer,

breast cancer, stomach cancer or glioma. The conpound may be for
exanpl e 1, 3-Bi shenzyl i m dazolium 1, 3,-D benzyl-2-

met hyl i m dazol i nm 142, 4, 6-t dmet hyl phenyl) - 3- (4- acet at e- benzyl ) -i m daz
olium 1, 3-D benzyl-5- phenyti m dazolium,

1- benzyl- 3- (4 acet at e- benzyl) 2- nethyl-|n1dR7oI|un1 1- benzyl- 3-(4-

met hyl bgagzylilal %?d%ﬁhz enzyl-5-phen hmldazohum, 1- benzyl»?; (4—carb0xy1benzy1)-2~
1- benzyl tyﬁ' uor oret’ enyzyp 3

met hyl i m azollumorng%Jl
di ( 2- ph@ﬁwemns,zpyum,mmmbw%ﬁﬁ naaet@mﬁm%@mhy@gv agoliye LBeali e al ¢
thereof, {a%%ﬁ*z@l zTﬂé‘:h %ﬁbzoﬁfﬁ]efBén\ﬁﬁ-sa(a%&aifylcaéﬁxﬂ&aﬁna@tzemahﬂeans an

anpunt ef eCtIV osa es and 1:gyel’l od time necessary to achi eve

t he desimiéagoliiag ll’ernZYHrlEz o lethyl} #-mathykimdagelin. dioEE5El- cancer .
The t ot al:q A0RM oy Rkind, &’& 13 Q@nﬁgﬂﬁlﬁﬂﬁﬁﬂ)ﬁdl Mﬂabhtﬂzﬁén)ﬁ,:l Ebﬁ%@gftmg on

sever al factors I ncl’udi n severity Zﬁlo the or?gr, 1t he
mode of metvibeEs}-imifazelim, g H%Yﬂré (%rgt@luawawﬁélaprt ‘8'fm°cﬂﬁ' -

Vet hodss {onAAL L0 Xy RicBG-Afs %ﬁén?ﬁﬁdﬂa%olﬁﬂ) q%nz@i 3 Qﬁfaﬁebgﬂyms.pwﬁ f or
treating fibrotic disease of cancer w |l be rea rzo‘%/?égtg‘g?@ t to a

per son &Redzplan, iLrberaye3-£-methylberry P ripnyHmidaelivg; - or
cancer Fef &Pt @narnARREORE l—fb&[z?'??@%%yﬁg ﬁﬁﬂﬁ&dzﬁ]ﬁlﬂui 1enIBS3-ed
s

results, including clinical resu enefici al ed cl.ini cal

| oul 1 SHEETH P ety 3 R EbteD oD BPe{dgeo ey Ur B pasbentst
arr;al l ?ra%aﬁami éfb@&ypﬁ B 25 Y R OFBLIEH, 1t£3m:ﬁlibi(¢-ﬁ?&y1-zﬁilmmm of
extent o i sorder. or di s | a se,
pr event F6iePRARS-deEPBRENE %dibeﬂwzg d%da(") 2@%@’3@%“5] %F’ 25{}?@(55 T%"{n"m@#ﬁﬁg

ZP read pberdiismetayl- ;ﬁidaﬂhmam cgdﬂdtaysn@t) Sialainylﬁgud:aﬁo]nims d{derbogybenzyl)-

i sease £s e se onset,
anel i or%&ﬁ‘glg{ 33 @1‘% lnfe 1%1(4- ??9 d‘?e &azo ugn"éé:ge;mggg'?ét@e and
rem ssi Meﬁmmwmhml and r-(g éﬁ@emﬂﬂhwmﬁﬁ@-acmbmm@m or

I dth d h b
pr o ong#&%h%&%&/#g Q%Qﬁaﬁg&ﬁ%tmopeyon that expected in the absence

of trea can al'so nmean inhibiting the progre55|on of
di sorder__or_di sease, slow ng the pro I’eSSI on of disor 0 se
t enpor al®Pl122] 4| t HesrgmeprRdeoisersalfommip Lipdlude gotH Q%Pgﬂﬁqg E)“L‘fgréetﬁﬁ%

pr ogr esgk@ikifiazbihen aﬂo&megiﬂme&m-@l(zsm&aymymmammym b[:cﬁtﬁd&’i&}ﬂ’-@), aidin

d tr t t he be f t
har MBS BB ENAE R F DB
phar nac@f;icﬁazﬁlaini yromizie elmabl Bnﬁﬂﬂsrbs}nf—zcatatedﬁazyﬁfmmhummcﬁﬂéq: (Tﬁ %gg ]n EI' ﬁ :
reservativ S .G 1 e
Broport?l% le:'s ‘gm Pe%l 5 n&%% Dglb%ﬁlﬁg c%@h cg?%rl(l er is

ar maceu ca 1y~ac
depend aacbtatzerbeazyi/)amldazqhumf chfoadt GIBQT—Q),riGﬂ -Diberryl-§ ﬂbﬁ@h@ggwhrl@ﬁ@l@ﬁ (IBN-

admi ni st at e QL 4k
Py ol el sE TRk e il AL 170 ‘ﬂé’ﬁ“r’?%%f.@t "on
will betrmthmlmnem %meﬂayh@#pmémcblom%@wm LbgrzykBhhrereaist Y- npai r
the bi of,08l 68 4-PiRARShLES aBk- 1008 thAAR 3 (4-methylcarboxylatebenzyl)-2-methyl-

imidazolivm chloride (IBN-20), l—benzyl—S—(Z,Z—dimethoxylethyl)-2—methy1—imidazo]ium bromide
(IBN-ZI.}, 2,6-di-(3-benzyl-imidazolinm bromide)-pyridine (IBN-22), 2,2’-di-(3-benzyl-
imidazolium bromide)-1,1’-binaphthalene (IBN-23), 1-benzyl-3-(4-methylbenzyl)-imidazolium
chloride (IBN-24), 1—benzy1—3-(Z-triﬂuoromethylbenzyl)—Z—methyHmi&azoﬁum chioride (IBN-23),
1~benzy1—3—(4-methy1caIboxylatebemyl)—S—ﬁenyl—imida.zolium bromide (IBN-26), 1-benzyl-3-(4-
acetatebenzyl)-5-pheﬁy1—imidazb]ium bromide (IBN-27), 1-benzyl-3-(4-methylbenzyl)-5-
phenylimidazolinm chioride (IBN-28), Benzo(1,2-4,5-diimidazolum)-N,N* N, N""- tetraiaenzyl- di-
bromide (IBN-29), —benzyl 3-(2-propyn-1 —yl)—mdazohum bromide (LBN—SO), 1-benzyl-3-(3-
hydroxyl—propyl)~mndazohum bromide (IBN-31), 1,3- dl(2—phenylethy1}—1m1dazohum bromide
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[ 00140] Sui tabl e vehicles and diluents are described, for exanple, in
Rem ngton' s Pharmaceutical Sciences (Rem ngton, The Sci ence and
Practice of Pharmacy, 21st edition, Lippincott WIllianms & WI ki ns,
Phi | adel phia, PA., 2006). It would be known to a person skilled in
the art how to prepare a suitable pharmaceutical comnposition.
[ 00141] The pharmaceutical conposition may be adm nistered to a
subject in a variety of fornms depending on the selected route of
adm ni sEBNRp A-bengyl-H4- ¢cetb'@bamdbm@a@ddmbghlmﬂd@ ﬁBNs%D |1+bsapyi-Fr(ayedingr )
ition of the invention may_ be admi ni red fqr exanple, by

e o psie (G aérws@rms@ymaé@m RS o (o
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[00125] As used herein, “delivering” an anti-fibrotic or anti-cancer agent to a cell refers to
providing the agent in sufficiently close proximity to the cell such that the agent can exert its anti-
fibrotic or anti-cancer effects on the cell. In vitro, for example, the agent may be delivered to the
cell by adding the agent to the cell culture media. In vivo, for example,‘the agent may be delivered

by administering the agent to a subject as a pharmaceutical composition.

601 2.6] As used herein, “contacting” a cell refers to direct and indirect contact with the cell.
Direct contact refers to a direct interaction between the agent and the cell. In contrast, indirect
contact involves “contacting the cell” via interactions with other molecules or compounds, For
example, the agent may interact with a molecule, affecting a change in that molecule that causes it
to interact with the cell or interact with another molecule which will then interact with the cell to
exert an effect.” Indirect contact maj/ involve a series of molecular interactions resulting in an effect

on the cell.

[00127] An anti-fibrotic agent as used herein refers to a compound that alters, reduces or
mhlblts molecules, mechanisms or effects associated with fibrotic: disease. For example, the agent
may be an anﬂ-mﬂammatory or an anti-oxidative, induce apoptosis, alter, reduce or inhibit tlie
activity of fibro gemc mediators such as TGE-[§, NF-xB or TL-6 or neutralize proliferative,
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Sci ences (Rem ngton, The Science and Practice of Pharnmacy, 21St
edition, Lippincott WIllians & WIIlcins, Philadel phia, PA., 2006).
[ 00145] Uses of the | MSs as descri bed herein, including conpounds

having a structure of general fornula |, a pharmaceutically
acceptabl e salt thereof or an oligonmer or polyner thereof for
delivering an anti-fibrotic or anti-cancer agent to a cell in vivo

and in 'ﬁ% e%fc,e(po%grgctﬁitleo& Pc}c—inﬁar{ﬁgfbtﬁq&?&fsesfoglé lf;e%"itﬂ(ﬁ-& bl 8flted to any
anti-fibrotic or anti-cancer agent to a ce?_ invivo are also,
cont enppatiadts thEO1HETHIbroidBgens fnay rduqeros indibit fbeatis dieasaly: 8 & Rhei r

anti -1 oL 'O%Qﬁ 2o dei ?Lﬂ?.@l.ﬁg Leti®itlof 6f cofl$ @oﬂr&fgﬂ lsbroRth aiddlkd subndsdRiiiy e
properties, v%l C rrayuimunc on via a mirtity e of nol ecul ar
mechani sa¥s, (bditactlpsiewtanteatipaneiationof eslisinvoived i ftapticaiseaspd ey AiFPS Ugh

three diffgre rabts i Frldng Rt QPoRes Seklsthlvel iforbadi cal
ROS genglﬁjg‘&eagp%gfgﬁ%%%\f%?ﬂ%%ﬁ%gﬁgﬁg}%e s?)gs f:Sonse ) 2)_Vei-nd ction of
endogendissssa () indosinglaroptpsis suvk priariesampds, Pol-xlyor ﬁd’f@B}n PPRE on of
iron ord%paggtgorn ions that catalyie the generation of hydroxyl radical.
Wthout Berng [imted to any particular theory, it appears that the
anti-oxidative properties of the |ivlSs may result, at .least in part,
due to (994281 act Apiptcaggereenh a5 wsel herdmilng ra.cowouétﬁglééql%mtrﬁa%ces[%e

nﬁut ral fﬁﬁ&& RBlettiesf :El&%laﬁi @ﬂsd i &-@E&%:}%ﬁa Wi\t Bor cafimyle, tie et neg boin
chem cal reactions including.(1l) .the spontaneogus conversion .of..J

t o NHCs “Efamgppy Oa%@m%lﬁaéﬁ’ iﬂ%{?&ﬁﬁ?ﬁ%ﬁnﬁﬂgﬁﬁf‘?‘t"ﬁ% r""ﬁ{ gy ct%ﬁﬁg@s
t he NHCgroBferdiibi€, itEHPONA Zofdih bi @6dity the ncfivigeor levell of abtivity utholegleROS
resulting i.n the fornmatjon of .internediate i h g2l srandat he
neutr al i“g%ﬁ‘?t??nm CAPGEE SYe Q%S”F‘&‘HP’C%TP%S%%E %ﬁ%??%%%"r%%g%@i nve’rr:ﬁt*g? s
have di sdefar@dh2s $EAN24ne APN. Ss descri bed herein al so exhibit
anti-inflamuatory properties. Wthout being limted to any particular

theory, édlﬁ Sodual TRNLQ¥%hHR e \iEH-AREH @ alnts B b AUEBR O e BroGiaed tiele aaf
the | WSs {?éé be attributable, at least in paif, {o tge 'ﬁer%‘ac\éﬂ”
bet ween od¥kinglidipg an wriracslaarsllimfalaienter v ovassil ERE AR 184

hypot hefﬁ,c% %@@h&éiﬁiefér?%otaﬁ@inﬁuf@@taﬁﬂﬂgie céll, a phirdgy gﬁ degs’ &3 populhtive of cells wherg
anti-inflammtory effects .of th conmpounds .defin . y be
ST 1T buFBRERTR, N R ettt bt FOE Bt e St e | o2
acti vat egngadotusabietior tesy bt kil vhp oclinta sobjeaf Siprilely,néferamede Gels” also
cytokines,  .Simlarl wi.t hqut. being |im.ted " iUl ar theory,
Che. 1 nhEBIEERSe Rt PR Lo e Ay Dub Bt U0
partially attributable to the anti-oxidative properties of the DI LS
whi ch sii®IReks t Abe edltrhaydeiderived fromyagy a@ppR foncpaple gp IRpel RENICTfEAnIST
| mpor t aﬂ&mﬁﬁ%ﬂbg&&fuﬁeﬁr @RS ElRlne R s Nk RBRRL Gfitarc Yt Ol dnes.

[00148]In addition to their anti-oxidative and anti-inflanmatory

properti he S exhibit other effects t fal ahdd
treati nwp ot | %Fﬁgﬁt&e 8??85”6%@18? e ﬁbfeivfl Xi ﬁlﬁésct%@ueé%%en ?lou?\edor
t 0 al Socinamea apipot Riifng tehtradnn fpr fiboyie diséaes or Forerex anpiiest inFEbd preyention
green t %?ﬁbert))(tgcrd?s%gse%%lgancer is desired, In some embodiments, the subject is a human subject.

[00132] Fibrotic disease will be understood by those skilled in the art to refer to a condition
which inay be characterized or caused by the development of excess fibrous tissue or over
production of extracellular matrix in an organ or tissue and may include for example liver fibrosis, -
lddney fibrosis, hung fibrosis, bone fibrosis., systemic sclerosis, mixed connective tissue. Futher
exarnples of fibrotic disease are provided in US 2007/0043016 which is herein incoporated by

reference.

[00133] Tn one embodiment of the present methods, an anti-fibrotic agent may be delivered to
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shown to i nduce apoptosis of human hepatocel | ul ar carcinoma in
cultured cell lines and a xenograft nodel (N shikawa et al. 2006)
while garlic extract, a natural anti-oxidant, has al so been shown to
i nduce apoptosis in human glioblastoma cells (Das et al. 2007) and
colon carcinoma cells (lalcubilova et al. 2006) by inducing oxidative
stress. [00149]Wthout being limted to any particular theory, it

aphear s kg WSSy nsl L doGiud Sk BgoganeEr due Lo

i nducenment o opt osi s and i nhi bition of prollferatlon t hr ough
cel | y@ﬁ@x@%ﬁ@@bﬁﬂwﬁﬂféﬁ%ﬁ%ﬂ@mmﬁﬂﬁﬁmﬁﬁ?kﬁﬂi6@@? apoptosi s and cel
cycle arrest by increasing or decreasing the activity and expression
of nol efpgiges | NvalwMac pefsoﬁﬁﬂmnaas@nmﬂheﬂe lehcompadsiartyss of disersdsigwhich

exanpl e survivin, casp pase. Bel 53,
e 2 B g 2 A end PR A B LY TR e S of
conpounggceRtge afbudsxbiaﬁfenﬁas@,@dol s ie@rﬂtolw'xewayat@xis ih te bbdy. Diffranttypesof ¢aenrt ed
exanpl es. [00151 ] . EXAMPLES

Materjal s an
[ 00153] BfiPfe 9xFaRpie REcast SRRces F ﬁe °8‘i’ bfﬂ]&ﬁam&hﬁ“ ?’B?ﬂo %er‘%?%%‘%?"’tr’. es
of EVI S&ra{l&%ﬁé&} f&éﬁ&dﬂﬂ‘ét skift bchoiah feh e, padtkdade canber] BlbddBscancer,

[Dg)(])_ %455] gfddder cancer I ey ca?igeq‘ el:s)cl?p E!ge é’a\gée? I—fo\égi&nh ﬁfmp 01na, N@m—%h‘é& D IM

Iymphoma, laryngeal cancer, leukeria, multiple myeloma, oral cancer, pleural mesothelioma, small

intestine cancer, testicular cancer, uterine cancet, thyroid cancer and stomach cancer.

[00135] Tn one embodiment of the present methods, an anti-cancer agent may be deliverd ta a
cell in a subject having hepatocellular carcinoma, lung cancer, breast cancer, stomach cancer or
glioma. The compound may be for example 1,3-Bisbenzylimidazolium, 1, 3,-Dibenzyl-2-
methylimidazolinm, 1-(2,4;6~trimethy1pheny1)-3-(4~acetate-benzyl)-imidazo}ium, 1,3-Dibenzyi-3-
phenylimidazolium , 1-benzyl-3-(4-acetate-benzyl)-2-methyl-imidazolium, 1-benzyl-3-(4-
methylbenzyl)-imidazolinm, 1-benzyl-3-(2-trifluoromethylbenzyl)-2-methylimidazolium or 1,3-
di(2-phenylethyl)-imidazolium, or a pharmacentically acceptable salt thereof.

{00136} -The term “effective amommt” as used herein means an amount effective, at dosages
and periods of tithe necessary to achieve the desired result, for example fo freat fibrotic digease or
cancer, The total amount of IMS to be administered will vary, depending on several factors,
including the severity and type of the disorder, the mode of administration, and the age and health
of the subject. Methods for determining an effective amount of a particular IMS for treating fibrotic

disease or cancer will be readily apparent to a person skilled in the art.

[00137] = “Treating” fibrotic disease or cancer refers to an approach for obtaining beneficial or
desired results, including clinical résults. Beneficial or desired clinical results can include, but are
not limited to, alleviation or ameliqraﬁon of one or more symptoms or conditions, diminishment of
extent of disorder or diseése, stabilization of the state of disease, prevention of development of
disorder or disease, prevention of spread of disorder or disease, delay or slowing of disorder or
disease progression, delay or slowing of disorder or disease onset, amelioration or paltiation of the
disorder or disease state, and remission (whetﬁer partial or total), “Treating” can also mean
prolonging survival of a subject beyond that expected in ;che absence of treatment, “Treating” can

also mean inhibiting the progression of disorder or disease, slowing the progression of disorder or
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TMPI ELVI and DPPI DM wer e purchased from Signa Chem cals (USA). The
chem cal structures of DBZ1114 (1, 3-bi sbenzyli m dazol i um brom de),
DBZBI M (1, 3- bi sbenzyl - benzi m dazol i um brom de) and TDBZI M
(1,3,5-tris(4-nethyl-imdazoliunm-1linked cycl ophane. 3Br) are
illustrated in Table 1. DBZW and DBZBI M were sYnt hesi zed using a

met hod disclosed in tie literature (Harlow et al. 1996). .- TDB/J1VI was
synt heiS5258 tepoRril: ﬁé‘”‘lﬁhﬁ%’EWPﬁ?f?ﬁhh’aé ivelvesiplingne Pi?g?S#quffh%gﬁagaﬁf % 6-
tri s(bragemapihyhendesi tyl ene (400 ng, 1 mmol) in 200 m of

N, Wliinmethylformam de (DMF) in a reaction vial. The reaction mxture

b aci PGB and 881 PeerEa AHiTn0vE M oY 150 TSRy E B Lol &

I es onamphemsested Netiposibowi tThet Remperidoani may reemuiht shamfdcdutivail;l @ageptable

gy bpiaas St hhod detsy Fiservamina vatop] pifod B gl oy iy {3
NIVIR (100 MHz, CD30D): 8 143.49, 136:27, 131.73, 131.54, 123.45,
67.06, [0®.395, 9 g prdpbwinemdabemitiadfybe shahacPDRZMCTIBIGIEB N5jependant

S5 o o Wigy e T e bR ifan e o sobingRePl plhettlig hbDBE IV
Li ne [ 0®1B7cEhe stadsidphpnyacayticsd praviivey Griscilyf the phapinacerical eomppsitiesy Willde
per f or B DL do¥indi Rl ﬁl\g{ @% %{ggr%?%ww&@%giﬂ RoRERY bOHSIMS.,

report (Weiskirchen et a t he supernatant of cell
suspensj fter_hepatocyte remgval was washe nd re-suspended jn,
9.5 ni S&ﬁ“@iy s Yynbls, cghiglst tand oF%FPEnMGCﬁg}%B andf S %"’@mﬁimgf
ZE. 7% l(PMIhhl Jacduticdl OStﬁHﬁ_ Zesl (RefoBShn, -Elsjhﬁi &fif&db %;fﬂ Fﬂaﬁicﬁr(ﬁpﬁhiﬁ];dacby‘ ZIISS’B.)edng' Thign,

t he cell _.sus ion ern m_o and. centri [Yo N
H ot oddiE PR e 4 PIREOEGIRgR S A 200 EPEPt BREn e PESpelyed
separ attiechri hotwao arepatz 2 yuithid el pharmsi=uédabacepbéiton, Nt er f ace of the Hi st odenz
sol ution and the aqueous buffer. The stellate cell band was

harves t[mﬂ‘l?’as hege pRRlade X o BbliSén¥aly beWBRGSRE06 shiffecin@WBt) of
culture plate in Dul becco nodified Eadgle's medium ( M .suppl enpent ed
with 109808 Serending on e selssied autepHgtoinisiration, aLyilibe yudsystqog gy ﬁgé&vx}gé%
95% as gak-erimk BeEhdi¥iol SHRARVRLEHEMEXSd 4810 kesd Rl Bidd@le, Bctaldatrirfktstidy

of the HSCs_ was >90% as assessed by glial fibrillary acidic protein

( GFAP) Sﬂﬁﬂﬁvi’yﬂlgqﬁﬁ?ﬁéheiqs‘?s@déﬁﬁ cells counted. Primary HSCs were
routinely cultured in DMEMw th 10% PBS in a hum dified CO2 incubator
at 37C[0%H4@] spl iTh differett enbodificntsdhe composition ¢ adrhipistefed beBYstipy psi n/ 0. 53

mM et hﬂuﬁ&ﬁzﬁfeﬁﬁlﬁ%&%%gé&%%ﬁ%ﬁ%m%ﬁﬁﬂﬂﬁ %Eﬁ%%c@%?@dés@&%iﬂrf@f’ﬁxgﬁ%h in the

continency. The "HSC I ne was y provided by Dr. Scott

Fri edndfringdy of/Sbuetic Spagesi or Skerdhat éfto hepHpasidne, New York. A stable
T61GFAP-TarZ clonal cell line was established as previously reported
(hl\/aubaqumaej al . ﬁﬁﬂﬁéeoflﬂﬁgza}'ﬁa@ﬁﬁbaf Eonfgo ol gtds @%rxf‘ed\mpeads:mﬂ ther edhi n
the sane .cqondi.tions as the primgry HSCs. 0158].Ce Tr eat ment. W

I Se. OO sttt orqeie Sagrarmiene el e SR AR B! i ap e, Rentok

](cji r alet fpyﬁ&&blﬂaérﬂﬂétﬁeinélmmgemhyﬁaﬂ cdftﬂﬁjﬁddiibgagd rveighic ibe stmﬁomdf:tﬁl&@eatxﬁﬁhe

i na O_concentrati.on in.t ulture i.um.was kept L. 2%
(V1) . SR SR B RV e ARG P Rty e

pur chasethr§ therarSrigiin tha Rebwlsizd an expedibe/ofthe Healtit priasitivieer Theserfadtote aei on.
Cel | initially .seeded i el | I A or _fl i n DVEM
Suppl cHBnves oo A v Eerrey CedS sieeret Vi mRvRY Sl elesAbRadol

conpounds of various concentrations for different tine periods. |
Det ai | 00444] he dhwhl tervedarsteqd: thay pharnecduticsl dorppsitions Ry by Eotidestn garety
[00160 i%ﬁnﬁ% L GiEAAL LG, 6 %a‘nﬁr\ﬁ&k {n difrBeki®Esa
HSC- TG]Ogg(}SILd%g was etﬂéﬁ;’rrl? ﬁ%%&%g% ng di'[g%jﬁdlﬂg%{%?o uor escrgf@n . &
forms including for example pills, tablets, capsules, solutions, suspensions, powder and injections.

Conventional procedures and ingredients for preparing and administering the different dosage forms

would be known to a skilled person and are deseribed for example, in Remington’s Pharmaceutical
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(DCF) 1 abeling nmethod (Ml ecular Probes Inc., OR USA). Cul tured
cells were harvested by trypsinization, and resuspended in phenol
red-free DIVIEM (I nvitrogen). Cells were then incubated with 10 ig/ml
of 2',7" -dichloro-fluorescein diacetate (DCFH-DA) in DVEM for 15 mn
bef ore resuspension in DMEM for assaying. .Cell solution was

di spensed into a black-wall 96-well pate in triplicate for

fl uor esc@fes (ReAGRIHh, Ble Fienfe A48 PratfeasiPhmaty, 330 edifioh, Mpincat Wiz &
Sei ze E,%@%lnat e _reader. The fluorescence unit was normalized agai nst
vi abl e syhiasisiplie, v 89%%er e det er mi ned usi ng

3-(4,5-di methyl thiazol -2-y1)-2,5-di phenyl tetrazolitun brom de (MIT
assay, [MOd4Bga, Uss dIBA) IMIBeads |descabed REGH, andidingammpapriebaing & dugiyeyed

to the contrpl sanple. [00162] G utat hi ' |

Di ner ogen@# ]i%gf”‘ﬂ? gﬁgﬁf‘éﬁgﬁ%ﬂ 83y tg‘%ﬁﬁ%%%#% g%‘n @%ﬁﬁnul a& %@%ﬁgﬁﬁ for
GSSG | evdiveringedre antifilant nedntbyanees iagent as sayelkint sivd puininCe npepaGiehiot 4|
(Ann Arbor., M, .USA). fol | ow _ng; manuf. 'S .1Nns QS _
B of | yRorrats (ertieo e el iole SRR AT b I Bt
scal pedcarthpltedogeni zed i n phosphate buffered saline (PBS) by

soni cation at 60% frequency for 30 s, and the supernatant was

col I'ect p1agft er Wésfo'f' 82 b0t BbthdPmRORXA HeRlanti- Boblid knd butfiéancdreBicei N

content “of t'he sanples was determ ned by bicinchonicie aci d(BCA)
assay. PUOEBYoFe-oFietverereyies. Whird paydistion daApTEa el BURTHE ei nat ed
by et apBASMREY, | At AbLkie Brert@aditdrRe: ety 2ARRH thR)k diffehst pdievapi (as
adj usted by triethanolamne (A drich, Catalo Elﬁlo .T5830-0 accorgi ng
to the RAERAPion el bPerafisd ROSeaperiet IREs By IAgsEgR PPIRET (fdi ng
bot Ih t h&dﬁcﬁfdy g;ﬂad@géﬂ_o@&hﬁibﬁ&divé afzfaticAdvityl &Q@tc:tlﬂ#ﬁoﬁfofcgﬁ%_,copﬁﬂ lons
excl usiye o , Was __perforne LSt aeri vat. n : :
2-vi nyl %ﬁﬁa%é%thaﬁﬂw%&ﬁ%f%ﬁﬁ%ie {5}?0'1%?1"‘%%\&1‘“?1%@%%?’3 P?‘ér:u_%l}%}tbe\?ﬂﬁu
r ecor degbpadrs hShammtivdxidatiee pfeesias Sahd IMSsidaypesatiet leesh thepart, dik & theivastivitiof
GSH or GSSG.wer e det ernm ned .as.nnol /pg..orot.ei LORE o
Por ox| A TS T LPRBE rna TR Bt %9%9#8{%%%& s
[ 00166] #cies afichgmitadvebtions incleiing 6) drtspongsneaimsonveniop vEBYSsEPRHCERFioambY
SAD, Wl Egﬁ\agi@ ESB&E@)Q, (2) the interaction of the NHCs af the carbon 2-Posiﬁ0n with free radicals
such as ROS resulting in the formation of intermediate active radicals and the neutralization of the

free radicals.

[001 47]. The present inventors have discovered that the IMSs described herein also exhibit
anti-inflammatory properties. Without being limited to any particular theory, the dual anti-oxidative
and anti-inflammatory properties of the IMSs may. be attributable, at least in part, to the interplay
between oxidative stress and inflammation. For example, it is hypothesized that in the treatment of
liver fibrosis, the anti-inflamamatory effects of the IMSs compounds defined herein may be
attributable to the IMSs’. anti-oxidative properties that inhibit HSC activation and thus the resuliing
production of pro-inflammatory cytokines. Similarly, without being limited to any particular theory,
the inhibition of inflammatory mediator IL-6 by an IMS may be partially attributable to the anti-
oxidative properties of the IMS which suppress the activation of transcription factor NF-«B, an

important regulator of the secrefion of inflammatory cytokines.

[00148] In addition to their anti-oxidative and anti-inflammatory properties, the IMSs may
exhibit other effects that are useful in treating fibrotic disease and cancer. Anti-oxidants have been

found to also have apoptosis-inducing properties. For example, EGCG, a green tea extract has
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using assay kits from Cayman Chem cal. To assay GPx and CAT
activities, protein sanples were harvested in ice-cold PBS containing
1 raM of EDTA. To assay SOD activity, protein sanples were prepared
in 20 mM of N-(2-hydroxyethyl)-pi perazi ne-N -2-ethanesul fonic acid

(I TEPES) buffer containing 1 mM of ethyl ene

gl ycol - bi s(2-am noethyl ether)-N, NN , N -tetraadetic acid (EGTA), 210
"M of  nEowh tohduddiEboptsid GEMuin Sepeh@Beiar dafc@iofia in Glxie bdll litasand @ kerogiatied

by BCA as .. [.00167 activity was indirectly: measured b

coupl B P BA5 o T P PR et @%P‘B%ﬂi@ﬁkf&ﬁﬂet’%sa-@%gﬂéagft?%ﬁ°

r educt i Bence bpopibgi® # HayakFoblabismb el ab: @t 1.200T)%nd eddoicactiginatcalsby

gl ut at hbg{r&e, redu tZSlGSﬁEQ‘}O:% .and, ni.coti nat ni de adeni ne di nucl eoti de
phospha PWE)F‘I%? B PFERIGETRAPDH i s proportional to the GPx
activity, and can be neasured as a decrease in absorbance at 340 um
GPx actj00149] wasWihopt lesgdihiag toamp phrtituldr thgporyy b empiears that DO BBIaTAT
activit s .det erm ned. bas on._r ti of .. . 4. 0. et hanol
" e SRR AR B SRS A e el P loh e Bl ARSI el
spect r othivogiond tydeaaletyFoa txample, AiSusiyigsdeagabdsiasnddil cycraoni§®n. CAT

activit, r .1 Ly /s i 0, .6C ,
"t udi B ae 5 e B AR B R e Pt R R
quant i féyelihgusdlvdgngdorteatonie pirvivim werase % easprse 3.G3cl-Lugtakoidder P d38al s
gener at ggoby éagﬂtsggﬁfmg?@jﬁse and hyposant hine. One unit of SOD was

defined as t'he anount of enzyne needed to exhi bit 50% di snut atl on of

t he superoxide radical. SOD activity was expresse U rotein.
[ 00170]@PTRY: hi ofie Posert Beflpdsaad erTiRelpey aﬁ%‘f’@ﬁ‘fg@%@aﬁf @%i ty of
phase |f{ll@fAhg naXindRbza@pRy e, GST, was assayed using a kit from
Cayman Chem cal. Protein sanples were harvested in PBS buffer
cont ai ny i nivi and the protein concentration was determ ned
by B assay. Tota (cytosolic and mcrosomal) activity was
assayed by neasuring the conjugation of 1-chloro-2,4-dinitrobenzene
(cDNB) [RP192]r edMeeidsand Mett@dsoni t ored by an i ncrease in absorbance
at 340 nm GST activity was expressed as nnol/m n/ ng protein.

[00153] Anti-oxidative, anti-inflammatory and anti-fibrotic properties of IMSs

[00154] Synthests and Characterization of IMSs

[00155} DBZIM, TDBZIM and DBZBIM were synthesized in-house. DPIM, DBIM, AMIM,
TMPHIM and DPPHIM were purchased from Sigma Chemicals (USA). The chemical structures of
DBZINI (1,3-bisbenzylimidazolivm bromide), DBZBIM (1,3-bisbenzy1—beni'1midazo]ium bromide)
and TDBZIM (1,3,5-tris(4-methyl-imidazolium)-linked cyclophane-3Bx) are llustrated in Table 1,
DBZIM and DBZBIM were synthesized using a method disclosed in the literature (Harlow et al.
1896). TDBZIM was synthesized by miixing 4-methylimidazole (123 mg, 1.5 mmol) and 2,4,6~
tris(bromomethyl)mesitylene (400 mg, 1 mmol) in 200 ml of N N°-dimethylformamide (DMF) in a
reaction vial. The reaction mixture was heated to 100°C for 2 days. Cc;lorless crystals of TDBZIM
were precipitated, and collected in 40% yield (160 mg). Nuclear inagnetic resonance was conducted
with the following resuits: ' nuclear magnetic resonance (NMR) (400 MHz, CD;0D): 8 7.77 (s,
1H), 5.53 (5, 2H), 5.41 (s, 28D, 4.60 (s, 1H), 2.55 (5, 3H), 2.19 G5, 6H); B3¢ NMR (100 MHz,
CDs0OD): 5 143.49, 136:27, 131.73, 131.54, 123.45, 67.06, 16.35, 9.57. Elemental analysis of
TDBZIM (CssHusBrsNe) provided the following results: C, 53.21; H, 5.88; N, 10.12 (calc. C, 53.95;
H, 5.66; N, 10.49).
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[00172] Total RNA Isol ation and Real -Tinme RT-PCR [00173] Total RNA was
i sol ated using Nucl eoSpin RNAl a isolation kit (Nacherey & Nagel,
Germany), and quantified by ND 100 spectrophot oneter (Nanodrop
Technol ogi es, DE, USA). The details of real-time RT-PCR were reported
el sewhere (Zhang et al. 2006). Briefly, it was a two-step real-tine
RT- PCR usi ng Tagman chem stry. Total RNA was first reverse

t ranscrg to %pNA s run and detected in ABI

7500 Fe@baf%é rﬁ%d%%%qgﬁgz ma*ﬁ“ﬁsﬁp i osystens, CA, USA). Prinmers

and probes for rat GFAP, SMAA, coll agen lal, fibronectin, TG:=131,

TGF- 13 [P@&E Dt or The@sm «fflp}!mawd{ﬁC‘LS-f@m/WﬁéﬂIéﬁfhﬁré’és W%ﬁ%leﬁé’&‘ﬁ’éﬂlys

assay- Qﬁf%ﬁmﬂg m%&@ﬁﬁ&d] ﬁﬁgﬁetrfou&%dﬂ! CWARIrYRE 6 B 200K BRIy 2R | ON
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gene, Ion was constant (Cr difference vvas <0f 5)
t hr ouglepamatinbofeglh swspamsinn affer benatoryig PmioNaliHe ?a%iﬁ%w re-pspeRdled g 9.0

quanti f t | it i Hg{mafzaﬁ(}ggs Th
R G AR e e

t hr esh e ne

BuI | e Ct %ABI
Prism H@@nggmmd be baioe therrelbiuspensipn ndemeath § el oAkt

gi ven B¥qdse d1E19£ ¥RDESRr 30 RirlPrd ﬂ%%&ﬂs%r@s%pﬁﬂ%nﬂb@@bﬂzﬁbin@ﬁusﬂf
the target gene un er the treatnents conpared-to thejgﬂr g%‘lﬁ”ﬁy

[ 00174]abevstthe integhastof tha Flistaionzavfutp andi the asyequa pyfterJop &

lysMy g 68itkd, %éﬂe@tand fkll}oceﬂ%ﬁﬁ%regged%'a@wif&ﬁ&e phRdh Dﬂ]bdcﬁdﬁlﬁ@ﬁ.ﬁed
sul fate (SDS) (90-950) f mn for GFAP, . or usi - PER nu l.ear

and cyt%éﬁﬁd@n&@m ﬁueﬂe?@%ﬁeml% 5t Bvise s e ViRG Y gf ear
pr ot ei NECsQias RlgFs o BeetRd biFkriypddSie chelfisicaMivning, kbt theygieiny clifthedﬁﬂctsa@e n

I (1 TGE-131 and, TGFP_ R, P tif

Boh ki 1> 408 erang by S peRlamtiot B p ERD PR e 2 ~ 0 st el

4- 12% gragi-eRsCSRhdt patiyacsutne fi IiElEgEMﬂelQ%FBS)mI’KﬁUBBdiﬁed(CF@@ﬂbg@ﬂ at
dt t ] | ul ] Th ; . )

o obed TRy e poms s ISR i b R AR Rl gl

(Si g, acidIBPTAPrRERikpgen taddnfihenct. The me:erﬁ aell lige Gamkinddy Fowded by Wb,

TGE- 1358 ﬁﬁeldgéf‘ %S%%%U@RENP&% O e d”*cﬁfﬂm%?"??er s

per oxi dms&;asemaﬁ:ligﬁﬂ ecbrmhd@oyte@@ﬁammw @%ﬁG)aHSﬂtTﬁ apil BE/EENRIr ey,
CA, USALy, cﬂh@e&?@@%% I angssal.l @ep%%&tﬂgag the protein extract

was separa I S-acetate ge otel n bands were recorded on
X-ray filmby reacti n%mvm th ECL chem | um nescence reagents (Amersham
Bi osci ARSI Ny, Calidmyamant w¥A IM¥Hul i n (Abeam UK) was used as the

| oadi ng control for total protein, and Tata binding protein TB’>

( Abeam[004§9]was Stsidolationshe N Sxewkira grepavert aitbér if dimethytshiegideyP 20

depending on their solubility. The final DMSO concentration in the culture medium was kept below
0.2% (v/v). NAC was obtained from Merck KGaA. (Germany), and EGCG was purchased from
Sigma and used directly without further purification. Cells were initially seeded in cell-.culture
plates or flasks in DMEM supplemented with 10% FBS for 18-24 h before the addition of .

compounds of various concentrations for different time periods. Details of the each treatment can-be

found in the figure legends.
[00160] Cellular ROS Determination

[00161] The ROS level of treated HSC-T6 cells was determined nsing the dichlorofluorescein
(DCF) labeling method (Molecular Probes Inc., OR, USA). Cultured cells were harvested by
trypsinization, and resuspended in phenol red-free DMEM (Invitrogen). Cells were then incubated
with 10 pg/ml of 2°,7°-dichloro-fluorescein diacetate (DCFH-DA) in DMEM. for 15 min before

resuspension in DMEM for assaying. Cell solution was dispensed into a black-wall 96-well pate in
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[00176] Quantification of fi-Galactosidczse Activity

[ 00177] Bet a- gal act osi dase activity in extracts from T6/ GPAP-| acZ

cells treated by DBZW or TDBZI M was neasured using a

chem | um nescent assay kit (Roche, Mannhei m Gerrrany) in a 96-wel |
plate format, according to the manufacturer's instructions iefly,
cel | s wéinicaipfonBepresagneeredontat Bx s 485 an&Erpséwpﬂwzﬂw)Tecaé aﬁJFETsH% °f or
30 mn afad froﬂ{é‘fﬁ&'@%ﬁc@hﬁﬁ fad ﬂ%ﬂ:ﬁiﬁﬁed a\é§1‘n§t vﬁgfe Bl nurdt2R, $MALwA Edtinined s

col | ected assays with a Tecan Satire IC plate reader._Prot

concent PHeg bt M@eﬁmﬁ%ﬂhzﬁndiﬂheﬁﬂ B@%obmfomdea@@‘éfws Y Tppesice
USA) . S@@ﬁ eﬁuig:]?R@ e WaSiIRSRA AGhivY iottﬂe a1 eRh@.ned by normali zi ng

agai nst to protein content. 00178] neral Toxicity of

IMSs in ce [00179] Th4Ss DPI LVIL _and re_dis i n

5o ne. I0HEE R Frelaress) s EDTHF Doy e L EATRR! ghi ng
- 25-30 g) intraperitoneally every other day for 2 weeks. The dosages
were 0, [OIHBS] 300 To3bB3 A hand (3G leglskgprd deerDBEA by, usiig dss8y lﬂm(ﬁmnBO

35, 40 [ kg .for DB The .in LEeL] sged

at 100- ?%hnﬁhéﬂ%ﬂ% ?ﬂl Tyg‘f%f Q?Wlﬁg cgm\ﬂaﬁlgfg%msrgljésse ter i

treatme ﬁ‘ﬁ celfFreatadwiteDBBR émm{t A Cpr G bveraasiad prdth@@dgwei ﬁe

I nstitut al .Ani mal .. |

Resour o e QB B lRene B sonih ot el At R o8 il aes

Anal ysi solle[:iﬁ@éf&ﬂeﬁhifugqtﬁamt iL6. amﬂx\géorrlésmh tais’-l"ﬂel?raelprcetg@hpﬁbe senplee #As and

standar? LrLon Lol nean Cﬁc % r| mental data were anal yzed using
i PE Pt GE R g i

two-tai g unequal variances. A P-value of

0. 05 was consi dered statisti caI I ni ficant. L00182! Ef fect, EVI Ss on
liver fiA%1641 s | HoxfgEhassays, the protem sa.mp ¢ was deproteinated by metaphosphoric acid

(Aldrich, Catalog No. 23927-5), and the pH was adjusted by triethanolamine (Aldrich, Catalog No.
T5830-0) according to the manual. The sample was ready for assaying total GSH including both the
reduced and oxidized forms. Quantification of G8SG, exclusive of GSH, was perfomed_ by first
derivatizing GSH with 2-vinylpyridine and assaying separately. Colorimetric signal was recorded at
405 nmn with a Tecan Safire II plate reader. The levels of GSH or GSSG were determined as

nmol/|Lg protein.

[00165] Glutathione Peroxidase (GPx), Catalase (CAT) and Superoxide Dimutase (SOD)
Assays

j00166] Activity levels of three anti-oxidant enzymes, GPx, CAT and SOD, weze determined
using assay kits from Cayman Chemical. To assay GPx and CAT activities, protein samples were
harvested in ice-cold PBS containing 1 mM of EDTA. To assay SOD activity, protein samples were
prepared in 20 mM of N-(2-hydroxyethyl)-piperazine-N’-2-ethanssulfonic acid (HEPES) buffer
containing 1 mM of ethylene glycol-bis(2-aminoethylether)-N,N,\" \P-tetraadetic acid (BGTA),
210 mM of mannitol and 70 mM of:sucrose. Protein content was determined by BCA assay.

[00167] GPx activity was indirectly measured.by a coupled reaction with GSH reductase.
Oxidized GSH, produced upon reduction of HyO, by GPx, is recycled to its reduced state by
glutathione reductase (GR) and nicotinamide adenine dinucleotide phosphate (NADPH). The
oxidation of NAPDH is proportional to the GPx activity, and can be measured as a decrease in

absorbance at 340 nm. GPx activity was expressed as nmol/min/mg protein.
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[ 00183] For the liver toxin thioacetaraide (TAA) nodel, TAA was given
by i.p. injection at 200nag/ kg body weight, 3 tinmes per week, for 12
weeks, to induce hepatic fibrosis in mce. For the bile duct ligation
Model (BDL), adult mce were anesthetized with Ketam ne (150

ng/ kg) / Xyl azine (10 ng/kg) via i.p. injection. An abdom nal incision
at the mdline is made to expose the common bile conduct, which was
then ligated using 5-0 silk suture. In. the control animal, the bile
duct i g06PeRPSed CATWctIgtwdsidgadmtttd balBd bh Mectioh oDiRd Sdzymwerih p:cﬂiwoél@dhﬁt o)

the mce in drinki ncentration hhiter.
The ColFaencidbe dRE SERAEHES: PERBEE g Tyares me Sibuldrp R A | E1
Red st akifg Pgpad ad thecHrdiw@tn, 0ATSAdtvigewdsiegprassed 6 Qh8Uhiadd protonal st udi es
Were carried out on the effect of DPIMon liver fibrosis inducted by

[ 00 18% 1\§§f aﬁgﬁgtc%?n%%haagﬂﬁm%gﬂ%afﬁgﬁc%f th?nh&%:d(sal?e 0 weeks
old) h cqumﬂed g asgmedlfuincsalh &t debgevpdrpxide radipdis gengrafed by xapthing oxidass apd
dar k- | 'hg]gbtsan%ﬁgl Bl st {4 9EaRAGERS bt Bly ANl Madl cAtitliS0ss e i

t he st experinment protocol was approved by the
i nsti t ismogen ta?nhmperwaﬁeeramﬁél &maoemmwsteéﬂ&f(sﬂﬂ@@@ﬂg PEFRER. Bi onedi cal
Research Council (BMRC) of Singapore. [00187] Chol estatic fibrosis was

i nduceg OthWUFDL AithBlohy 5- mngﬁmy\ée(r@mm@ hetized with intraperitoneal
injection of ketam ne (150ng/kg) and xyl azine (10ng/kg), after

dl t 5-0
ok AR o R bt AR R G o PRy e M
bil e du§mmpchenttal Gaydth eipley ateecharvEsied io B8 bifferpatkning d sief ED B vided

to f t Blkosom
cont r ottt iR glpf Me&%ﬁ%’ﬁé&@ﬁf@%ﬁéw (rauiolty Hboomd),
n ce. mwﬁwmhﬂmﬁﬁmgﬁmmﬂ@mmé 1-skipyotas @m@@b?ﬂﬁ@e(ﬂgpﬁﬁ?ﬁﬁh
wat er % ubd} REr GONGERTAL bkgﬂﬁmﬁééqn OBkbrbancd 203408l Gt ahd ity @epaptdseal y.

The drin wat er’ cont ai hi ng DPl M was changed weekly. It was
observ@@lnmﬂg@ﬂfmmﬂ*ﬁelﬂage each nouse (normal or opprated) dranlc
approxi mately 3-4nil plain or DEM containing water every day. Testing
by NVR[ooiglysi s Twas REA $0ldzionauiRealiTime RTBFER rmthat DEMis stable in
wat er at roomtenperature condition for at |east two weeks. The

conpou I‘]ﬁ’oj??f at m%%’éal ws @Joia%q Ngl&eésﬂnr IQ\TﬁﬂYsoﬁﬁBrﬁht QRERYRy: Nagel,

recove proce After weeks livers werﬁﬁj&)eq‘ﬁved

f r om niGeemdng), 26d qantified by 0T2- iQS’rsﬁmﬁioﬁhom?ﬁEﬂS Slzadie Tychanpeay OF
par af f i@mils of real-time RT-PCR were reported elsewhere (Zhang et al. 2006). Briefly, it was a two-step

real-time RT-PCR using Tagman chemistry, Total RNA was first reverse transcribed to cDNA, and
real-time PéR was run and detected in ABI 7500 Fast Real-Time PCR System (Applied
Biosystems, CA, USA). Primers and probes for rat GFAE, SMAA, collagen Ial, fibronectin, TGF-
B1, TGF-B recepior I (TGER RI) and 0.6 were ordered from Tagman’s assay-on-demand database.

Rat B-actin was used as normalization gene, and its expression level was constant (Cr difference
was <£0.5) throughout the experimental settings in this study. Relative quantification of target
mRNA was ealculated using comparativé threshold cycle method (44C7) as descnbed in User
Bulletin #2 (ABI Prism 7700 Sequence Detection System). Relative quantification was given by 27
44CT 1, express the up-regulation or down regulation of the target gene under the treatments

comparedto the confrol.
[00174] Western Blotiing

[00175] Protein extracts were prepared by lysinga cell pelletin 10 volumes of boiled 1%
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[ 00188] Measurenent of hepatic enzynes [00189] Serurawas col | ected by
retro-orbital nethod and serum al ani ne transam nase (ALT) activity
was neasured by automated procedures with Cobase ¢ 111 (Roche

di agnostic). [00190] Col | agen staining by Sirius Red [00191] For

consi stency, paraffin-sections prepared fromthe |eft and nedi an

| obes were stained with Sirius-Red to visuali7e the collagen content.
Bri ef | ysodafut dedecsiemnfm (SIS (40y2li°E) foo h) mni for GFAR, npsing A- %@%mcbhfsaﬂ@\e

stained in.0.1% Sir.ius Red solutl th
0 Bop oot Rl e e ity U SR Fukab o HEBRbA Bhefie, 14
secti ongg Mgmaﬁﬁryne@hﬁ adsmgen: oI, YIGEFR aad mGﬁﬁ)BhﬂE’enbmantcnt-wgtqmﬁﬂ

(National diagnostics, La, USA). The colla e 4t_ eddlgﬂteas wer e
measur e‘él*lfigril m&@ﬁc%ll Hgé- dn e Rt o] EPIGE WFFRFEY |B n@f PFIcat i on
(4x) fogpg %@el@%%@?csﬂs QBEGEY @5 PRTdnVehaA 1o Afittogkilalat ndritehew t h
| mage | _software.

di spl ay&Ek¢ %@E@fﬁﬂémaé?éﬁlgfgéqufgt Mﬁ%@g Y é@%&)ﬁi{%éj GB?J%E?W se.

Al quaptdd ot NE pRaliR W), X RhesE Sdna s mmﬁ&mum@mmsmng
di fferent treatrrg roups wer e anal sed bé t wo- tvmleda[étdaalr

St udent Bm@@bgy,r@ma%%s%%ﬁaaﬁ?%mdmﬁ REGYerBdTdandidgipyie e‘?ycal ly

f ) i
o Bor | TR R B Bl gty (paR aum et G, DoRm ST

was sy niibresscinadiyeld aloblefing ts PEL§R prargct was separaie in 3-8% tris-acetate ge
bands were recorded on X-ray film by reacting with ECL chemiluminescence reagents (Amersham

Biosciences, NJ, USA). Alpha-tubulin (Abcam, UK) was used as the loading control for total
protein, and Tata binding protein (TBP) (Abcam, UK) was used as the loading control for nuclear

protein.
(00176} Quantification of f-Galactosidase Activity

-{00177]1 -Beta-galactosidase activity in extracts from T6/GFAP-lacZ cells treated by DBZIM
-or TDBZIM was measured using a chemiluminescent assay kit (Roche, Mannheim, Gerqlany) ina
96-well plz;mte format, according to the manufacturer’s instructions, Briefly, cells were washed twice
with ice-cold 1x PBS (pH 7.4), and lysed for 30 min at room temperature in the lysis buffer. The
supernatant was collected for assays with a Tecan Safire II plate reader. Protein concentration was
de'termined with a BCA protein assay kit (Pierce, I, USA). Specific B-galactosidase activity was
obtained by normalizing against total cellular protein content.

[00178]  General Toxicity of IMSs in Mice

[00179] IMSs (DPTM and DBZIM) were dissolved in saline, and administered to Friend virus
B-Type (FVB) mice (weighing ~ 25-30 g) intraperitoneally every other day for 2 weeks. The
dosages were 0, 200, 300, 350, 400 and 500 mg/kg for DPTM, and 0, 10, 30, 35, 40 and 55 mg/kg
for DBZIM. The injection volume was maintained at 100~160 1. The mortality rate of mice was
aésessed after the treatment. The anjmal experimental protocol was approved by the Institntional
Animal Care and Use Committes (TACUC) of Biological Resource Center (BRC) at Biopolis,

Singapoxe.
[00180] Statistical Analysis
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met hod (Harlow et al. 1996). [00196] Cell culture and conpound
treatnment [00197] Human heptocel | ul ar carcinoma cell lines: HLE (an
undifferentiated cell line) and 'Hep& (differentiated cell |ine)
wer e purchased from JCRS (Japanese Col |l ection of Research

Bi oresources). Mina gastric cancer cell |ines AGS and MKN28, | ung
cancer cell line H1299, breast cancer cell line MCF-7, glioma cel

l'ine USPGW andAﬁ:@Jaﬂ@tﬁ@ve%sltﬂtMrQ SBeell ﬁ%aﬁmtarﬁ&{i'errbﬂ dF@@at\BERD).
routine cultured’in oPBSlnahumdlfledCOZ|ncu8

at 37C, E@%amgrﬁql idgta Hprefﬂséy%tlﬁmg twy-t@w BERIR's AP G R ETBOAuEY NFHRICHY

naM . et hdeeRedipdWanehakdapeRtiGPaEARGEDTA) when they grew to
confluence. [00198] Stock solution of DBZIMwas prepared in water.

Cells \r/;@(f mhal% seeded ip cell culture plates or flasks in DVEM
suppl entf B¥lbsien livgr fikmesis In Michof or ¢ t he addition of compound
of various concentrations for different time periods. Details of the
each tr@EaI88int cBm tHedivéraouiathioacdtdradd (Tauy) erolie gBhdl was FIOOTIpORjactEcoit ent

anal ysi Sh%%goclﬁﬁlghg%l ] 25 Egr(%ve If%r ) v%gfsv\g 11!16.1194 %1 c\%ﬁ o%lstjﬁ Eﬂ:‘bﬁ) Wet h

conmpoun 'S were I xed wth 4%
par af oniikl ddaﬁugd:@nmdelﬁmh wﬂWbMW@Amesthﬁwzbcﬂ mth\chemgin é159 etk gd(iolazine

:Dmgggn E@ﬂ%gﬁvg%% lﬂg%b erm neg%gasedﬁﬁéﬁ%%é{ocex&sﬁfbr?%&ﬁnd

[ 00201] l@bmpnqyptgwhrﬁewatth@dlgaig@ wgjng 5-0 silk suture. In the control animal, the bile %uct is
exposed, but not ligated. DBZIM or DPIM was provided to the mice in drinking water at

concentrations from 1 to 1000 mg/]itér. The collagen content in the fibrotic liver was assessed by

the Sirius Red staining of the liver tissue seciions.

[00184] Additional studies were carried out on the effect of DPIM on liver fibrosis inducted
by BDL. DPIM was purchased from Sigma Chemicals (St. Louis, MO, USA).

[00185] Mice and compound dosing

[001886] Male FVB/N mice (8-10 weeks old) housed in a specific pathogen-free (SFP) facility
ona lﬁ hour dark-light cycle and with free access to water and diet were used in the study. The
animal experiment protocol was approved by the institutional animal cdre and use commitiee
(IACUC), the Biomedical Research Council (BMRC) of Singapore.

[00187] . Cholestatic fibrosis was induced by BDL, briefly, mice were anesthetized with
intraperitoneal injection of ketamine (150mg/kg) and xylazine (10mg/kg), after midline laparotomy,
the common bile duct was ligated twice with 5-0 silk suture, The sham operation was performed
similarly except that bile duct was not double ligated. The experimental mice were divided into four
groups: 1) control only '(sham operated, but no BDL); 2) conirol + DPIM; 3) BDL only; 4) BDL +
DI;’]M. Each group consists of 6-8 mice. DPIM compound for treatment Was supplied in the
drinking water at three concentrations, 500 mg/l, 750 mg/l, 1g/1, respectively. The dr_ln}ang water
containing DPIM was changed weekly. It was observed that on average each mouse (normal oF
-operated) drank approximately 3-4ml plain or DPIM-containing water every day. Testing by NMR
analysis was also conducted to confirm that DPIM is stable in water at room temperature c_:ondition.
for at least two weeks, The compound treatment was started on the third day after animals recovered

from the BDL procedure. After 4 weeks , livers were remox}ed from mice for fixation 10% formalin,
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[ 00202] ME cells were grown, treated by conmpounds in 6 replicates for
48 hr in a 96-well| plate. Cells were then fixed by using 4%

par af or mal dehyde and stai ned by DAPI and BrdU anti body using H tkit
(Therno Scientific, IL, USA). Cells were inaged and aual yzed on
ArrayScan VTl HCS reader (Thermal Scientific, PA USA). Cell nunbers
wer e counted based on nucl ear staining and BrdU i ncorporation was
determ ned and expressed as percentage of positively stained cells.

[ 00203] Eibedgubmtiyaimbaliedi padafoa cel | |ines: U837 MG and C6 under the
treatment of DB2l M WAs exam ned usi ng

3-(4,5- yIt Ar boxynet hoxypheny1) - 2- (4- sul f ophe
nyl) - 2ﬂ¥ﬁﬁgfrazoe?é%%wfw#é%%%é%%gﬁprol|ferat|on assay kit (Pronega,
W, USA). MIS reagent was added to the control and treated cel

(after HPIRPY di Pewemiwes sellecrhby wbeorbalmahodisghurumdyinedRasapingd

usi ng aa&%@%aéﬂéag&mﬁuwnﬁ%ea p;&@&iséswﬁrc%asaem (ROPhe\WBEnSstAN | ar |y

performed for gastric ‘cancer cell line AGS, |lung cancer cell |ine
H1299, ﬂﬂﬂ ggeast cancer cell |ine -7, but the 1C50 'val ue was
det err al9938%ht 750¥reer stapwgdy Sr#aBed. [00204] Cel | based caspetse 3/7

and LDH assays [00205] Capspase 3/7 act|V|ty and | act at e dehydrogenase
( LDH) r f0d8ske werfer m&stmcgdpahgfﬁﬂbaammphgmd o §w defisan( Predinm bphesGerp . |

ool SRSl RS, B b 06 Pl Al oL

th DB VAT ouUS CONCent rat ore ass
caspasemﬁmﬁﬂasgawxwN@dﬁﬂﬂmﬂagot%ﬁbﬂ@ﬂb@ﬂﬂﬁwungm@wﬁammﬂﬁéﬁmWﬁ@ﬂdHﬁ%d

to lyse Lhe, eebl, ﬁ%h‘}\%%ﬁ;ﬁ%& thw}éggtcfr{bég%%g f@tﬁ%?ig[th% Afg%o% Ve FihaH cfched in xylene

quorescence sig urn and 530" uni on

a Tec an@an@qﬂ‘@dﬁtlthﬁlm@mb%é?naéﬁ@@em}?s ieotgire B AL fréﬁcoﬂme@ SiepHes 3/ 7

acti Vi t Yre /Rl AP 182108 Sintdpbiliehd folds ATRP WA EREARNEx) Wt SadiibE @ESEd as
relative fold change after normalizing to the control cells. The LDH

assay (Pﬁ@%@?%%ﬁ?ﬁvﬂﬁéﬁﬁ%ﬁﬁ%ﬂé@ﬁnﬁ% g% Ber f or med using a Kit

from Pronega Corp according to manufactor' s instructions.
[ 00206] R0dE2] n efurakct! dralygd caspase 3/8/9 col orbnetric assays
[ 00207] Capspase 3/8/9 activities were determ ned using total protein

extract jjagest ar t isiGmages displayed are representative of 6-8 mice, unless stated otherwise. All
quantitative data were expressed as mean % SE, differences among different treatment groups were

analysed by two-tailed unpaired Student t-test, P value less than 0.05 were considered statistically
significant,
[00194] Effect of DBZIM on Hepatocellular Carcinoma and Other Tumour Cells

[00195] DBZIM (1,3-bisbenzylimidazolium bromide) was synthesized based on a published
method (Harlow ef al. 1996).

[00196] Cell culture and compound treatment

[00197] Human heptocellular carcinoma cell lines: HILE (an undifferentiated cell line) and
‘HepG2 (differentiated cell line) were purchased from JCRB (Japanese Collection of Research
Bioresowrces), Fuman gastric cancer cell lines AGS and MEN28, lung cancer cell line 1289,
breast cancer cell line MCE-7, glioma cell line U87 MG, and C6 were all purchase from ATCC:
Cell lines were routinely cultured in DMEM with 10% FBS in a humidified CO, incubator at 37°C,
and split at 1:4 ratio by trypsinization (0.05% trypsin/0.53 mM ethylenediamineteiraacetic acid
(EDTA) when they grew to confluence,
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material (Biovision Inc., CA USA). IELE cells were cultured in 175
flask and treated with DBZINI of various concentrations. Cytosolic
protein extract was collected by pelleting and lysing the cells and
centrifugation to renove the debris. Capspase 3, 8 and 9 activities
wer e assayed using the sane protein extract but adding the respective
substrate. Absorbance readi ngs were taken at 405 am using Tecan

Safire OD1$B]at e steagc&emmoﬁemmwuie@@pjﬁ%mhe\a&ﬁ@ewwéreimﬂﬁaﬂy&emﬁp&éb
activit orma contro ells t ment .
0208 et M P apad T Ty H Bt 0 oot BRI
Hep&2 C@kﬂpsmwemidhe@heaﬂmmfoymgum 661 Dakilsente efch REEhEn band:re
TRAJL ( 00 n%4nggﬁf 4 hr, harvested and | abel ed wi th Aunexin

V-14.1 S USA). The | abel ed cells were anal ysed by fl ow
cytonetry FACSCallbur (Beckman- Di ckson, NJ, USA) and Cel | Quest

sof t wari@01¥5| | s BNAwmy:gmbeln s ining in the plasma nenbrane were
consi dered as apoptotic cells. [00210] Al F/ Survivin transl ocation

assay [ (a@zdoy] BLEzL %Légﬁ glg%wg Sl iR W kel PHiodifRhofnds LR atéd £

DBZJI VI™ for “24 hr stalnin nd i magi ng. I's were then fixed
and st attsdCalls mareshenifsetvidsti A g gnaldxzbrﬁbta@cést@mdrm@% oolls Fare il izee)

and - Sur pis b the ébeﬂnwsééno@rﬁﬁﬁsom Lﬁ%}}sﬁéﬁ%@‘ﬁ& 5 IN) a@mufﬂe@aﬂ@m

Hitldt (Therno Scientific, e cell's were inmaged and
anal yzet: %wﬂa@%bwﬁow@éﬂﬁwés (Thermal Scientific, PA USA).
Fl uorescence intensity in the cytoplasm c and nucl ear area was
pl ot t ed[ob2rili ndi Calpraiferafionasbopl asm t o nucl eus transl o cati on.
[ 60212] SDS- PAGE and Western bl ot [00213]Protein extracts were

o epar coibol V51t 60k oSk iy AL LGS 5k AVt O

t ot al otel'n extract, or ent Pierce (Pierce, IL,
USA) fcﬁiatﬁ@maweamﬁwtbdwzag ﬁ%@awam@lﬂ @eanérstaqnﬁd%ykﬁ?lqﬂ 8tU

Bi oVi si @Bbdd-Dsint /Bt @Iﬁénﬁ&%‘cieﬁﬁfﬂoﬂgusﬁ s Gt 88Qkd iaaeiilR05n Aﬁéﬁc@& n
cont ent_ was quantlfled usi n cg?Plerce L, USA). Fifte

mi cr ogr AheoT repeh fidprpaj Rt é-sPé% \Uéép 1l gunpbegs Wets e based on ouc cax

SDS/ pol ey a6 igehorel RGhds ApBatiRSiasd (BAGEN 28 cenfpdbipoatiatyatdied t 0
nitrocg# glar menbrane. The nmenbrane was then probed with primry
ant i bodi

[00203] Proliferation of Glioma cell lines: U87 MG and C6 under the treatment of DBZIM
was examined using 3-(4,5 ~djmethylthiazol-z-};l);S—(3-carboxymethoxyphenyl)-2-_(4»-sulfopheny1)-
2H-tetrazolium (MTS) based proliferation assay kit (Promega, W1, USA). MTS reagent was added
to the confrol and treated cells (after 48 hr) directly and the aﬁsorbance signal was read at 490 nm
using a Tecan Safire I plate reader. Proliferation was, similarly performed for gastric cancer cell
line AGS, lung caricer cell line F1299, and breast cancer cell line MCE-7, but the IC50 value was
determined at 72 b, instead of 48 h.

[00204] Cell based caspase 3/7 and LDH assays

[00205] Capspase 3/7 activity and lactate dehydrogenase (LDH) release were measured by
Fluorometric assays (Prome,c'r,a Corp., WI, USA). The HCC cells w.ere cultured in 96-well plate and
T;rea'ged with DBZIM of various concentrations for 6 hr before assays. For caspase 3/7 assaﬁr,
medium was removed and substrate buffer was added to Iyse the cell and react with caspase 3/7 to
give rise to fluorescence signal which was read at Ex = 485 nm and Em = 530 nm'on a Tecan Safire
I plate reader after | hr incubation, The Gaspasé 3/7 activity of sample cells with the compound

treatment was expressed as relative fold change after normajiz:ing to the control cells. The LDH
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agai nst Bcl - XL, Bak, Bcl-2a, Bax (Lab Vision Corp., CA USA),
survivin, [dAP, cl AP (R&D systens Inc., M\, USA), c-Jun, c-Fos, |nnB,
JunD, Fra-1, Fra-2 (Santa Cruz Bi otechnol ogy, CA, USA) respectively,
and detected by horseradi sh peroxi dase-conjugated secondary anti body
(Santa Cruz Biotechnol ogy, CA USA). Protein bands were recorded on
X-ray filmby reacting with ECL chem | um nescence reagents (Amersham
Bi osci ences, NJ, USA). Al pha-tubulin (Abeam UK) was used as the

| oadi ngls%ﬁﬂﬁd’icodltivé 51 the 624 in 1B $ab perfoithé (Ring 9 iRAGrd Bb@bih ColBikording
(Abeam ) was used as the 10dading control "for nuclear protein, and
Cox4 ( Apwamafactos ingtractigs®ed as | oading control for mtochondria
protein. [00214] ROS determ nation [00215] Oxi dative stress was

measur go0aesi g GeblAnksadbdstdIdipdsd BErIBIoNRepBUisiisc, 1L, USA). HLE
cells were treated with DBZRVI for 24 |lit, fixed and | abel ed by

Di hyd Ldi be f titation.of, ROS t] hst
dye § o SUR0EH ear Gt P <HiEe wefrr oo atar yIERSED! G g utloCns
Act i vatpiatenial (Bicadyal e ATA, IS AS GHLEeale weiklveltyped ia d115 Heds and trgatesi withvaBZIM

respondi.ng. cell s s plotted as the indicati .
Tt Lt e e e e e R L L
[ 00217]akil telmttifugatibi hirgarva theakleis. Cyispisaticd dnyl O hotimitibs Matetassazedaying ée same
Apopt 0S.S.. j T Lentifi; : :
excam ¢ ey pBRER Mol e UEEIRE SRS RE M irpane Sonarb R Slr LR of B T g
wer e cUletanSefiredbwlate readircRbsiilts w8e expeisied ps wlagve qappasejachyitijuinopealizing to
assayi . i tai ned essentially follow ng
themn&?%t?%ugﬁﬂ%@tgg% 8&%’??%%3 he i nages were taken by ArrayScan VTI
HCS re%jer &Ther mal Scientific, PA, USA) and anal yzed using Cell

Vi abi | ilP9708ha celrreiied Feiins At PRALRE BBCYEBED oat i on sof t war e
respectively. [00218] HCC xenograft nodel and dosing [00219]Balb/c
Nude mi[@@209%- 6 EFKmddled(?2 wlls aveiatoatst aith danivius fpncsrb@tonsioh PBEBRY psTR AL

0.2 m I zm_t}gig %FM ] X470k ijigﬂ_ Jouse gexeiraped a
t unor. é}/@élg}}@%@;l nocu a?%eén 0 %Sénéh}#g%on ye;tﬁ%%é%yt h’vi}sﬁlebl e

t unor s lftalsdetlls Srevariysedfoy Bpwicnomatra A GHGaliher Bedawa Rideon MHsEient
exper i FRibuestdBwhid B RERF A NG N s@a@ni%ﬁ%er AREA Meybehny Wik Goh@eteh @s
control and the treatnent group (n=3), réspectively. Mce in the

t r eat nBRWPIYICSEN- had free access to drinking water containing DBZIM (2
grans/liter) only, while mce in the control group had free access to
Wat er @¢o0210] The AdBfSSpoivndrdmsleatsoeaisay ast ed for 3 weeks. The tunor size
was neasured weeldy, and the tnmor volune was cal cul ated using the
forml fteoz‘?hfZ X i ElRs XA 85-whiPPi2e WefitdaCRQSE DG Y1 14 19 Sefbie

addi ti onal TLVISs . . ) .. .
staining and imaging. Cells were then fixed and stained with antibodies against apoptosis-inducing

protein (AIF) and Survivin (Lab Vision Corp. CA, USA) and buffer reagent from Hitkit (Thermo
Scientific, IL, USA), The cells were imaged and analyzed on ArrayScan VII HCS reader (Thermal

Scientific, PA, USA). Fluorescence intensity in the cytoplasmic and nuclear area was plotted for

indication of cytoplasm to. nucleus translocation.
[00212] SDS-PAGE and Western blot

[00213]°  Protein extracts were prepared by lysing cell pellet in RIPA buffer (Pierce, IL, US4A)
for total protein extract, or in NE-PER reagent from Pierce (Pierce, IL,-USA) for nuclea; and -
cytoplésmic fractions, or in a Kit from BioVision (CA, USA) for mitochondria and 6yto‘sol
fractions. Protein content was quantified using BCA Kit (Pierce, IL, USA). Fifteen micrograms of
protein were resolved in 4-12% gradient SDS/polyacrylamide gel electrophoresis (PAGE) gel, and

transferred to nitrocellular membrane, The membrane was then probed with primary antibodies
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40 [00221] Synthesis and characterization of |IMss [00222] All sol vents
and chem cals were used as obtained from comrercial suppliers, unless
ot herwi se indicated. Centrifugation was perforned on Eppendorf
Centrifuge 5810R (4000 rpm 10 min). 1H and 13C NWR spectra were
recorded on Braker AV-400 (400 WMHz) instrunent. Data for 11-1 and
13C NVR were reported in chemcal shift (5 ppm and multiplicity (s =

singlet,,, Qnsfggﬁ%;,, gﬁl& Bc%ﬁld‘Btaﬁ 915%% nq}orp O(E'ﬂr 59{ ; sulivin, REAY, bR Ee(ReEC- M5

was perfornme |qU| d chronat ogr aphy
(GLO) mgstmmmhm’du&w Adjin, efios, mmn@aﬁradhﬁfr@»ﬁés@@r%w@qfuwb@afm th

split- g C'tlj‘l dEHtc%%H'b or§a¥@5 ﬁ%asfel aﬂ?%ﬁeﬁ @éc%ﬁ&afy%ﬁﬁﬁg?ﬁﬁﬁr

[ 00223] are st It 0% i1 n oll
10.5 mrd:tryz Evascltmdhgm &AoU@ADW@tmbmis mre@efcondnd e Sy AY YeacBBOv: Lho

ranol ) eS| i Folbh @lockR AR w
terrperatacgrlgﬂu&m@%gﬁé;g%eﬁtﬁﬁrom &?1 711\gn0g%sﬁ% was@aglded t)o t he
r esi due.uscfive thedeadingicpriros fok total proteiga Tate biﬂlﬁlﬂéﬁfoiﬂﬂ "8 e%h AR W3 Bsef BY

anot her VRFWARsed 3 Boalin® 4ol RS
extractet%l\?\nadf%ragl%ﬁk%ggﬁ% tegrp%%\g#wand Bl w%és bet alaneg in

quant i t aeifogkongtisprotelf t er renoving the solvent. By to B4 were
synthesized in the sane protocol with A2 to A4 as i m dazole starting

mat er i aljgg2{hpe pr@t&kﬁnmﬁ confirmed by M5 and NVR. [ 00224] DBZW
DBZBI I\/l 1, 3, - D benzyl- 2- et hyl i m dazol i um brom de (DBZM M Conpound

O W Grathy * frade SobRIYUIngd el uch *ﬁ’%@ﬁ%i%fé,ﬂ)
mol  of IBEusil vere eentédwiteRBIIM fof M, Bied aBiiibederdby Dibidedethétins giebe 1°f ut ed
T e

The m xture was stir e reaction mxture
was coolTattetdsiiiation Bﬁ@j@pﬁhcauon software. The percentage of positive responding cells was plotied

as the indication of ROS amount.
[00216] High-content analysis for cytotoxicity and apoptosis

[00217] Hitkit: Multiparameter Cytotoxicity 1 and Multiparameter Apoptosis 1 assay kits
(Thermal Scientific, PA, USA) were used to exam the cytotoxicity and apoptosis profile of
additional IMSs. Cells were cultured and treated in 96-well plate for 24 hr before assaying. Cells
were fixed and stained essentially foilowing the manufactorer’s instruction. The images were talen
by ArrayScan VTI HCS reader (Themmal Scientific, PA, USA) and ahalyzed using Cell Viability
and Cell Health Profiling BioApplication software xespectivély.

[00218] HCC xenograft model and dosing

[00219] Balb/c Nude mice, 5-6 weeks old, were inoculated with 1x107 Huh7 cells in 0.2 ml
volume of Matrigel/DMEM mix. Since not every mouse developed a tumor-after the inoculation of
HCC cells, only those with visible tumors (about 8 weeks after inoculation) were t_lseci for
subsequent experiment. The tumor-bearing mice were randomly divided to the control and the
treatment group-(n=3), respectively. Mice in the treatment group had free access to drinking water
containing DBZIM (2 grams/liter) only, while mice in the control group had free access to water

.only, The compound treatrent lasted for 3 weeks. The tumor size was measured- weekly, and the
tumor volume was calculated using the formula: 0.52 x width?x length.

[oo220] Anticancer activities of additional IMSs
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tenperature and ether (10 nil) was added to precipitate product. The
powder or gel precipitate was collected as im dazolium product and
purified by re-crystalline or chromatograph nethod and characteri zed
by NMR [00225]1BN-22, 23, 29 were nade based on literature nethods
(Mang et al. 2007; Chianese and Cratree 2005, Boydston et al. 2005).
[ 00226] The remaining 13/ 13s listed in Table 2 were purchased from
Sigma. [00227] Typically 100 rnM of stock solution of |Mss was

pr epar edP9281DNVBOSyHierigytnst cangeterizagiokefdMbut i on were stored until use at
-20 C. [00228]Cell Lines and cell culture [00229] Human Hepat ocel | ul ar

K/ﬁ&% e r2 szb;zj i Bteaﬂlgugen]@m'é& cﬁfﬁ@&tﬁg@xlﬁt&h ﬂgﬁ_ﬁﬁm@ﬂ‘ﬁﬁlr’gbﬁmﬁaﬁm ppliegls uinldsk ne
re qQbtaine r.om Japan a Cci ence -Qun : aka,

Japan) . CPHE IRkt f eaEifuatgnms periirmed ?@P@éﬁéﬁ%?@ﬁ%ﬁ’n@d

breast eii)t ¥ednt &C 10aR lssechdrerd fofdnd bl & VB N AWENTHZ)Ghtrainee D4z fom

ATCC. These cell |ines were maintained i n DVEM nedj um (RP 1640 .f or
I\/DAI\/BZ3ID a%lg%%mrwpwe@hn ehewroekshift OpeR) Fnd mudsh a(ﬁaglfﬁig%fi“rﬁo thre

Peni ci | Li 1@31-. ai8] M1t SR Hhs Blrfodhedon hirIZREIRSIITR0 8. Gos 5%
CX2. [00230].G owt h 1 nhibit’ion assagl ) . »
liquid chromatography (GLC) was performed on Agilent 6890N gas chromatographs equipped with

split-mode capiliary injection system and flame ionization detector.

100223] 'To prepare substituted imidazoles, NaH (60% in oil, 420 mg, 10.5 mmo]) was added
to 2 DMF solution of imidazole (As) (680 mg, 10 mmol) at 0 °C, and the resulting suspension was
stirred at room temperature for 2 h. Benzylbromide (1.71 g, 10 mmol) was added to the residue. The
resulting solution was stirred at room temperature for another 4 h. The solvent was removed under
vacuum, The product was extracted with dichloromethane (DCM), and B was obtained in
quantitative yield after removing the solvent. Bg to B were syntheéized in the same protocol with
"Ag 1o A4 as imidazole starting materials. The products were confirmed by MS and NMR.
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[00224] DBZIM , DBZBIM, 1,3,-Dibenzyl-2-methylimidazolinm bromide (DBZMIM,
Compound C), IBN-2, 3,4, 6, 8, 9 (Compound), 12, 13,15, 17, 18, 19, 20,21, 24, 25, 26, 27, 28,
30, 31, 32 33, 34 were synthesized by mixing 1 m;:aol of substituted imidazole (Iike Bi- By} and 1
mmo} of substituted benzyl bromide(chloride) or alkyl bromide(chloride) in 1 ml of DMF. The

mixture was stirred at 100 °C for 16 hours. The reaction mixture was cooled down to room
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[ 00231] The percentage of growth inhibition was determ ned by using a
MIT assay to neasure viable cells. For the MT assay, 1 x 103 cells
per well were cultured in 96-well plates and treated Wth 0 to 100 W
of various types of 1IVISs for 72 h. After incubation for
specifiedtimes at 37C in a hum dified incubator, culture nmedium
replaced with 10 '"IL of MT reagent (5 ng/nlL) contal ns 100 | a nmedi um
was addegpetatreanietiwe(l nd)wasfaidet hepredipitispatdodf Te 134Wﬂ131 ol e PreeiBitds o was

S ae R Db Bl BN R ¥ PR PR ey 34 N o

pr esentcédadtemcamliymm separate experinents, and the percentage of
I1'VISs induced cell growth inhibition was determ ned where

DVBO-t 1y rgﬂg Ce'ﬂsﬁ doCENGE Qlrk W@aséd%@ﬁurﬁ&eﬁgﬁe{ﬂs FRR2 324 Gebt; Chinedse

anal ysi 233] To Performcell cycle distribution analysis, 4 x 105
cell's w8t aE‘Pea?eO@él: Boydston ¢ ph %ﬁo§h The cells (70% confluence) were
serumstarved for 24 h to synchronize themin the Go phase of the

cel | cyodaze] Af t ghe 24nalmiddTH189 BktbDiR Tab10 @ weR] fufchaved Borh 8fnaiced with fresh
10% DVEM nmedi um and then treated 60 gM of 1BN-15, 90 plVI of 1BN-19,

%I?/Bpo a Bé%kf r ol 4?}83?‘%‘981% r&f[h%S%Nkzsg ug(r)1ng° angglvI Sﬂ: 5 'X%Zi?%%l\ﬁ%ég%u%?%goﬁ | s

wer e caloclesiuidn amct swaghmdll wse 8th20PBS. The cel |l pellets were resuspended
in1m of PBS and fixed by the addition of 70%ice-cold ethanol and

st or ed 228 0C. c%ﬁ;@g{esmkg&ﬁupéw for 24hr, the cells were repelleted
by centrlfugatl on, the cells were washed once with PBS and

| oubadiPad) | 5 Gt Fpgenpe e 1o Hnpy g eb] olfhy SRRl SRl e
(rjﬂ ?f ewtl mmm;rae dw(efd)ﬂ;t@@dﬂﬁh TepenPRE)h Sofrmed FomidationQObdkaJymink The

1.an S _de n
Istri l?nu 3.110!3 &‘Afciancehc? (1/%!9%%4%6%% é@pﬁ 51@&%5&% ﬂfe}ﬁl(?;@fstlﬁt? ﬁ@? %ﬁl

Di cki nson Wer € C assli

optoti c cells.
[ 00234]y80 i) oeiesobtaimdyfropnOOPAG [Thesedelt ey vae mapigitaddn Qh’ﬁ‘é

105 cel I W th
01, 118 IR el hep Rl B fe@&n‘z%%f%f%ﬁ“&‘ﬂéiﬁ%%gﬁ%?@ﬂ%%% 25
and 20 apdftstontyraNnaDatpd pidd °@m5tﬁsesmfﬁo €8ntrol for 72 h. The
floating and trypsinfred adherent cells were collected and the

apopt og86230hs quBbbifikeHLMsdsiy Annexin -v-iirre reagent (BD

Bi osci ences Phar m ngen) and Pl (Invitrogen) follow ng the

f | th
ol d PRSTL © e paGtess - BU I 8 dp Sy RS0 e Ny "

cont ai mieAyreariable eells.ofor feddXT peBDL Pﬁﬁrf%ﬁlhﬁ‘ﬁéfﬁl)‘wafﬁdﬂw m gp-well Pleed#Rdt he
st ock @fad0Ra0d 8l 100 ThEre&kduS tyﬁ@s’ cﬁ Iﬂ@@f‘o'r Y2 H%ﬁc@i&%ﬁbaﬁé’tﬂfot actteﬁbs for

15 min _at roomtenperature in dark. Sub se uent

bi ndi ng7¥tireérmifites rbuer ?W%@lace&ﬁﬁthﬂ é@éﬂ%"%ﬁ%&%m ja§

| medi 3bRkiYs @O WELEDWad 185308 Bach lvRW 2y B AR RN dAT6: 40 Tb eli¢tida @B .
The fluorescent signhals of the_ Annexin-V con%{}ggﬁi and P,

dot ect SQPRE b8 RAFRETL HirOF MRS ALREIEES ARSI ) R @ oS PAGTSE 11

W th s @dgevinexBI0p, Molscular Devices). Data were presented from three separate experiments, dnd
the percentage of IMSs induced cell growth inhibition was determined where DMSO-treated cells
(control) were taken as 100%.

[00232] Cell cycle analysis

00233} To perform cell cycle distribution analysis, 4 x 10° cells were plated in 10 cm dish.
The cells (70% confluence) were serum-starved for 24 h to synchronize them in the Gg phase of the
céll cycle. After 24 h incubation, the éells were replaced with fresh 10% DMEM medium and then
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[ 00236] SDS- PAGE and Western blotting [00237] The FILE cells were
seeded at a density of 4 X 105 in 10 cmdish. After 24 h incubation,
the cells were replaced with fresh 10% DMVEM nedi uin and then treated
with 60 pMof B3N-15, 90 uM of B3N-19, 90 i.tMof M\-24, 30 pM of
D3N-25 and 201. 1M of MN 32 and 0. 045 DMSO as control for 72h. Whol e

oo | 1S LA PR PY AR Ol Y S PR

Ior ot easeIBNL Yainl Q04T ga?m bs dobir@ lm)% a.n!dhdaﬂ&ﬁhﬁ’g Brdmw@hdﬂdaﬁhekﬂntm]ls wiike
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using the_ B ratei n assay. The ates . t hen m xed..W 5%
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TBST con‘fﬁﬁ\éﬁfcﬁaﬁagq%?%fﬁﬁ%ﬁﬁe serum al bum n. Then the nenbrane was

i ncubated with horseradi sh peroxi dase (I MP)-conjugated anti-rabbit or
ant i - moul§823" c ondtpegiodnesisdodi es (GE Heal th care, Chalfont St Gl es,
UK). Detection was perfornmed with enhanced chem | um nescence (ECL)
r eagf nt [odesd]s hanro%e{e'trlﬁﬁg& apbggleﬂs %ﬂy[s}s di +30° iaszmmu flged @ 10 lém gish. The cells
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R u : pgaz eghdbham @ﬁgﬁ% mdmgei Desoe 'c&:ﬁﬁé%] fok m@h.f'thsemgiuhynd isintdSH) .

nti bodi es against p53 an wer e purchased from Sanp z
Bi ot ech n@ﬁ%% celisietepokgcted angile agggiRyis Wﬁtﬂ?ﬁ?hﬁegéiﬂ%w Eﬁ,ﬁéﬁa&ﬁg{l@D
dermnist rmflb@ﬂm&_y g@a&ﬂd b;'g%g ahd TR (R gaalr) aﬂégwﬂgkgmanm fured’® biotge®: Butdflynthe
nonocl onal  anti i gma ca : t. loujs, o
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i ncubat w th a nouse anti body agai nst nucl eolin (145-3,

Sant a Cl‘ldﬁ ]I: 100_in bl ocking bu&f er). After washi ngextensively with
PRS, t hdOMRGls \WeDS-RAEITKENEE @8¥F6r 1 h at room tenperature in

dark with a NLTC conjugated anti body agai nst nouse 1gG (1:20 anion).
The sl i d6823Wr e riftha BLEG wére seeteict aGiusigt of 4% d01im1€ om dish.nfteg 24P

(Vector .Laboratories. Burlinga SC [ '

5 7o o6, TORReOoRER R PUE Gt R PE A ik B GilEo B

(00240] Reak-1%, HOEMGHEIN-19,30 iyie o TENPGR (M oy B316-25 @AL200MCet 1B 392 wwel 0.045

32;\ d e;:l h 2*%9 D%/Iéjg stcgoggol c]:r 73%( Ji%:?olac ge ll;satgse \gverg :prsegar!egl cnil' gay%n%dgll ljszsrf:?b?uffmlt\ﬁ)g mM
Tris (pH 7.4), 2% Sodium dodecyl sulfate, 10% glycerol, 6M urea and a protease inhibitor cocktail

(Sigma) and 0.02% Bromophenol blue]. The lysates were sonicated for 30 seconds and then heated

for 5 mins at boiliiag temperature. The lysates were centrifuged at 13000 mpm for 10 mins and the
-protein concentration of each sample was estimated using the BCA protein assay, The lysates was

then mixed with 5% 2-mercaptoethanol and stored at -80C. For Western blotting, samples
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cells were exposed to 90uM of MN\-19, 90uM of MN\-24, 40uM of D3N 25
and 0. 045% of DVSO (D nmet hyl Sul phcndde) as the control. After 48
hrs, total RNAs were extracted fromthe cells using Nucleospin RNA U
kit as per the manufacturer's istructions. RNA quality and yield were
eval uated after spectrophotoneter neasurenents. [00242] The human
apopt osj_s..P a fil |76 ARNA | evel s of
84 key égog%aéng‘% 5?’\/Jj 0&%5;%1 lg%%p %g%c}e\é’i%ﬁmgﬁg’g:ﬁv‘%%?osw, taccordi ng to
t he manelécaophireis. Rrotef1s tena Gtistmed (Caieocelulosa yeBbose imnibe)blocked with 5%

First-strand cDNA.was .synt hesi zed w | a PCR
array f’irlc’r][1 gpt?%éu- I;I/Snti“#eers?l seﬁ&fl&nég'?% uﬁg?%aﬁof ay EI ag)gilb'g%ge). Thi's
Kit usesemiawes serdprehes eith ppdmey aRibedy oBaighpit:4 SnpES TaontapinBb Feriance)

vol ume o1 BT e ARERD b TR ATy o oIR8

wer e pemtigniichr asi-mguse e@badaiyraptiROR s (GO S 0H T S-hatibit ShGEesk UK. Date¢ipp

ot urbRES gy AL Gl ety el R ARah BB,

equi val Baacoofdingpg thefmamitwerss mopiptdl RebbibpditenalGRospbarpb? GarlS149e46, 392),

t her mocygcl [ . s 40
cycles o cgépé&fa%rgﬂﬁéa%é e%%’ﬁagg -ghiga%%d#gﬁfg%%ﬁ%deﬁ%ebﬁ %?%?/%X%hanges

i n geneTaskpreaysinor(Boxerls Ma) BiA)abeitbodich pryinstpe3 Apiy2] (eyimechasss ER SERi
met hod. : (8ud f . OF orbiBf vhals VEm RN £H5 SR
genes, %ﬁ%‘ﬁ%?mmzm’%ﬁsﬁ? Eaﬁ%[%Rapﬁ%.ng&r ttg\/\gis used to %ﬁﬁ%&l F%e
t he exphemsnbrnisetitheanousaantifesctin Hooodonst aadlidy (Sigme Ghemieal fpcSeht®H as
fold regg)ation. GAPDH gene expression levels were utilized as an
internal CTontrol to normalize the data. Reported fold changes in

expresskﬁg%@re the ratios of treatnment over control -Values.

[ 00243] ment Eenopsgining G GAPPFALEEHBKARY 9 [ 00244] Bal b/ ¢ Nude mi ce,

5-6 weeks old, were inoculated with | x102 Huh7 cells in 9.2 m vol une

of Nat dge239hVBM RenimmShas@mingoll e valls ywerrresied daviehsipofil X 100imdrwelf t er

t he i no i . Lt D:aVh S HPH bout 8

weeks a%%%?érisﬁ%é %E%n c‘?1\‘?\/%&?)3’ tggjé%ls %Jg'r% 6%%%‘815%%@ Lgi](i%%ﬁrl rrentﬁ.EMI%he

t unor - beslivm gndtherctrasted @ith &0 PN L BN 1% WM bHBMNAE, 80 pM of B4, 30[mdL of

treat 0 =3 res t] ce in,the. tr

froe P SHRQMATHmNBoRE0 AL dmeld f Sorehy b0 34 Wl PR s FLEHD O

0. 69/ 1 ware fixdsigh 4 %chninyeldelntie i 16imdas dnd ptdreatdlivet woh 0GFolitom X d1(0ieBBS for

access wat . | . ie
fodnMRL Bl Ol Yere Qfm%g%g?& gﬁ ﬁﬁg&g‘gaﬁﬁﬁgp%&% séuﬁﬁgﬁgrﬁzantag%

tunor size was nmeasur e nor volume was cal cl
usi ng tthen ihenbatafl for 10, Wik amanseRibydyl aarigit huclfolio MB3sPants Stap:dalf0 dhal ysi s

(00246] H%c:lldr%%tlﬁeﬁr Caft: %sgsgattgggteﬁs?ve P the S drd Bdincetafch & @BGES

bet ween.the "groups were determ ned using the unpaired Student's

t - t est .Topma{rEIDSTagRe B dgth withedREe-cmngated antitody againstapyss e ((204dstiqys; They |

P <0. Oéés WerdAduiisd PitlBdeclaSthield medium containing DAPI (Vector Laboratories,
Burlingame, CA). Microscopy was performed with a Zeiss LSM 510 Meta (upright stand) confocal

microscope.

[00240] Real-time quantitative RT-PCR analysis

[00241] Cells were seeded at a density of 4x10° cells per dish in 10 cm dishes. Next day, the
cells were exposed to 90uM of IBN-19, 50uM of IBN-24, 40uM of IBN-25 and 0.045% of DMSO
(Dimethyl Sulphoxide) as the control. After 48 hrs, total RINAs were exiracted frdm the cells usinlg .
Nucleospin RNA IT kit as per the manufacturer’s istructions. RNA quality and yield were evaluated

after spectrophotometer measurements.
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[ 00247] Resul ts [00248] Anti - oxi dative, anti-inflammatory and
anti-fibrotic properties of ILVISs [00249] Determ nation of Toxicity
of IM5s on Cultured HSC T6 Cells and FVB M ce [00250]Firstly we
assessed the cyt ot oxkity of DB721M and TDBZI N1 on cul tured HSC-T6
cells using

3- (4, 5-di met hyl t hj azol - 2-y1 3-carb th - h
vy ZHFogee%azzl i M R e A ek e i
USA) . FbRked Qen@@ﬁvélbedﬁﬁ'@&‘pﬁjﬁﬁ 100 684411 fefmaR&oMiflo 42 Gnaubdhcrarads TDBZI M

(0-200 JIM on roliferatigon of T6 cells cultured in
cont ai n}ﬂﬁﬁmﬁ’ﬂ%@we 1y Bipscisnogh FegnEanicPAts WW§Y‘5¥SS’?%W%W€%M§§’ZI M

| hi bF € bl h i 85 ARlliGR 0S8 s il ;émaﬁ

signifi cance concentrations of 125- TDBZI M
denonst FEsEwpiage @OW@’@-‘@P Yt 1572y Bioacience)rnd 1 gombination phyanden Rrigretsiiad

contr ol ¢}ighQ@2arhkds nfﬁeh@calpfoﬁkﬂe I} A& fedctoR a6 04 YL &Iﬂt@ﬂt@ £00 HDVBCR @dabondivere

I LVI Ss were Sel ected In vivo testing with FVB_ inbred mce. E
DBZI M DR oRiaE b Se RO A0S A6l b A Herd TR S 4 Bt BCRe

30-40 npasg mDFPA-(ﬁ)EI lied ﬁlla skl RatundasFee0)Ves 1R QoEk kinhaPOR k5Ednwas
- 300- 400 52! DBfI M and TDBZI M Att enuat ed Cel | ul ar, ROS

Level aHe ?é RAYS s [eprlizd 4 the PER seecias- Thedbesmpiyeiear
oxi dat i ¥RarSddrESGe b?teﬂor A micks, Bow&d dytotch@ad @95 bt 5lsbds and 60°C for 1

minute. Relative changes in gene expression were calculated using the £4C (cycle threshold)
method. An average of the number of cycles of the five housekeeping genes, GAPDE, Actin-p,
B2m, Hprtl, and Rpl13d, was used to normalize the expression between samples. The expression
data are presented as fold rcgulatton GAPDH gene expression levels were utilized as an internal
control to normalize the data. Reported fold changes in expression are the ratios of treatment over

control values.
[00243] Treatment of HCC mice with compound 9

[00244] Balb/c Nude mice, 5-6 weeks old, were inoculated with 1x107 Huh7 cells in 0.2 ml
volume of Matrigel/DMEM mix. Since not every mouse developed a tumor after the inoculation of
HCC cells, only thos'e with visible tumors (about 8 weeks after inoculation) were used for
subsequent experiment. The tumor-bearing mice were randomly divided to the contro] and the
treatment group (u=3), Icspectively. Mice in the treatment group had free access to drinking water
containing compound 9 (IBN-9) at 0.6g/1 or 1.5g/1 only, while mice in the control group had free )
access to water only. The compound treatment lasted for3 weeks. The tumor size was measured

weekly, and the tumor volume was calculated using the formula: 0.52 x width? x length.
[00245] Statistical analysis

[00246] Al data are presented as mean & SD. Significant differences between the groups
wete determined using the unpaired Stadent's t-test. Levels of significance were defined as follows:
p<0.05 (*), p <0.01 (*¥) and p <0.001 (*#+),

[002471] Results

[002438] Anti-oxidative, anti-inflammatory and anti-fibrotic properties of IMSs
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cells cultured with DBZ1M (10, 50, 100 and 300 uM or TDBZIM (10, 50
and 100 uM for.48 h in full serum nmedi um were assayed for RGOS, GSH
and GSSG Cells treated with NAC (1 or 5 mM, and EGCG (25 | LIV1)
were included as references. LMSs treatnent led to significantly
attenuated cellular ROS level. As shown in Fig. 2a, ROS was
suppressed by DBZIIVI in a dosage-dependent manner (by 25% at 50 pM
(P < 0. d0634%nd Betedaingtédn of Dexiqapof PIS<0n OF053d HST DRZslvendRYR Mides
conprised of a timer of DBZIM substantially suppressed cellular ROS

| evel bW?é@éﬁ] at  HedyAM dskss2f ﬂﬁ%to%ﬂgltfé(f %@&d%mbwbﬁ&eﬁ%@@@ 1)

(Fig. I h conparison, e to attenuate by 14% at 25

ti |v| (P <£cis posy 3- (Wwﬂlyidnew&ildl)rfo@ cgﬁewn@gwamﬁ@ﬂ)r%ﬂr%ﬁ?nhwb&ﬁ ROS
| evel eweﬁzaimﬁQmMasL@ﬂgﬁ%ﬁaeseyﬁcﬁ@ﬁmﬁé al We t%mpﬁigmasana% e hevel

of an inportant endogenous anti oxi dant, L was al so investigated, As

i ndi cat edfeqtnt PREM Os400aM)rid THBZM 204 KM enthp moéfefa@gfl@ Treeirltyad in

gl ut at i i 2 S DR SR A ook Bl RESTOL R M TSR

GSH | ev gkolifaratibby 3.398. 4P with @taﬁ&iﬁﬁél s@ﬂﬁc@ﬁé[a‘\(t Bigk ctncOBBdidns af 126620050L,and

100[tM tiv Al a f 300 vi f M slight
enhancerren ge/ns%%tgda é“&gjé 3???%8 A5 SPRATS éltmcl’%a (I)%sgl%fgnl ficance.
NAC (5 di d not show any effect on the total GSH, while EGCG (25
AV) i mhilBeF] he fothapretisinamtoritiasiugionywa Gymg of INSs Fese, selagiedelir a@oi n
agr eenerﬂés%xhlﬂam 284k kfede, F&@ﬁm frd 168tk @dsa%e%@:@@b mglidd afPNbI0Reds 1O itS

nononer not alter the total l'ul ar GSH | evel at 10-100
pM ( Fi g.estppyed fW%&mg{%ﬁ cﬁoﬁaﬂ\{f dhedesht dpsset Wes 300z kesnd LBOY Befucd0-
11202 t apd4g@s, The amount of GSSG was al so quantified as shown in
Figs. 3c and 3d. DBZIM depleted GSSG by 13% at 10 p.M 23% at 50 gM

(P <0.0 35% 01).
I n contras 21 GC(B%r% el%uce%tge 25130%3‘”&%5@8?&1’ ?fm h%g%‘ggﬁ?&ﬁ& had
no effeé?lammn GSSG at 5 mM TDBZI M al so suppr essed GSSG production by
12% at 10 isM (P <0.05), by 35%at 50 RM (P <0.05), and by 50% at 100
gM (P <Gos2B3@f) . THeelink SRk dsidiWedr-QNARNGEE TS & trdabw(ii ¥35,001)
and 23% (P <0.0001)_under the |an uence of DBzlil/1 at_ 10, 50 a 100
gM 1 es SeHsCPIBTA M EIRZIT 0. e300 2nl 360 YDPF TRIEAE(LB150 BE?W%W{%

t he i ncrghRsfn ﬂecﬁﬁi‘%v%%ieﬁ%ﬁd@%sﬁ%@ GHR@N®d1isGreatb ®RBANAG (7 ordb 1R d

of that’ of the control group. There was no chan%(eitl n the GSH GS@S

ratio f @Rt REXET 45 BDRare MAkanens referonces, IVSy trafnaens led o sigmifipanshy)

rati o WaSneRResV&H. Mghoﬁm@t 2a2R08 lv&z{é 5 eee@bﬁﬂgim Mosag@azltewﬁent he
611/ GSSG rat.i o _was_enhanced 14% a 65% at 5@8 é]d
Oy HPB (Y 26t 5 PGB <9.008] apd byt o m?mw\’( &7 5008157 TRRZRE Wik 1 s
suggest génpiiad o8& Jr wezhar aﬁsstefmah;tvﬁﬁ ﬁés&f‘éeﬁlﬁﬁ@ﬁ@‘s Yvanyangedid ﬂiM ®
051110550 rati o mai nIY t hr ough attenua% production of GSSG

from t h& 0g)) andtoy 867 gt %M@e@@ﬂ@qlhgia ﬁb)r we@oarﬁqc%w@&hteﬁﬁenuate
00255
[ 002551 Rey 304 o PR ALUGRRUAL ik FRe. A Gy Afleilibiiion SO PRM,

enhance Activity er Investigate the anti-oxidant
propert peg abi mphe | Mbs, the activities of anti- oxidant enzymes: GPx,
CAT, SOD.and GST were assayed Figure 4a shows that DBZI M attenuated

the Cpxoupbiyi ty ThyerfBfbrate chbRpunlik bfihe evao@%hp%ﬂﬁtl@ydo@&f&ﬂm&ﬁd@hﬂ (P
<0.01), but enhanced the GPx act|V|t % 15% at a hi h Concentration

of 300 &NH¢ BassodrysstsaiitAs %m%qfngﬁﬁlgbﬁ% Sbple toil fe ubb?s%ﬁzmwa@x

act t e A4 shofn
ac |< vb gl) a@h@@ﬁ%ﬁgfﬁg@f%ﬁ%ﬁ&e s@}d}{%ggdﬁ(%l@éﬁm@m@% sho®n gV

conpar i §€n3% B giayehibe trtal ﬁiéHéF’ff’l bthi i § %@8@3%‘%@ %@)ﬁ(b@ﬁma?t%
gM whi ke sHakd thodn, Abectibay M%Eghq{oéfge bt 5 fp§/[ B%ﬁ% Téiﬁ)anhaﬁ&%ﬁtﬂyA
similar pattern was observed for ZI'M's effect.on activit
DBZUM wA% veds peservad. bt wighext satisticpl agrtﬁlqameyNa@ G o94) didgetabry M%%ct on the
total GSH, while EGCG (25 uM) induced the total GSH synthesis by 19% (P < 0.01), which was in
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47 [00258] As shown in Figs. 4e and 4f, DBZII1vl, TDBZW, EGCG and NAC
all did not show nuch effect on the SOD activity, suggesting that

t hese conpounds did not act on superwddes. Figure 4g illustrates the
GST activity of cells under the treatnment of DBZI M (10-300 pM. GST
activity was enhanced by 22%at 100 JIM (P <0.005) and by 32% at 300

ttM (P 580004 )i éﬂkaﬁﬁﬂ% éﬁﬁ? %nﬂ chGstd # AGHomBA TOBIIM lidabfaket
on the T activit [O DEM and TDBZ1M Protected Printay HSCs

f r om DVE®taglceuati 19%%@7%09 UY @igArCED rowsridieed SyGPH ndhy S
assays (ah.o0s & Cﬁ‘l‘f%eoﬁﬁmﬂffof s?s% Gvd &%ﬁuﬁ@% §8kh nPEYOR faeg vat i on

(at a concentrati on O%?3 For rimary HSCs, however,
DVBO i npBg8d deplefed G58GM 13%ti10idvy 2&% 2650064 @ﬂﬂﬁ@ﬂﬁ),&ﬁ %ot 10094 (Rr£ v)

56 b 1 §oauERL e i b RERBIOCIR Al ForE il ellosBl B SR K
DB|ZL :\/IV g 0.050:nt @rMMf ha‘raz&dcmmsesc@a:m\rfmwm ammrewweﬁsaﬁmydng@yt ed
Co cont Hamac iR et Brsre RM BT IRt e {6 & SoAREE X MLty
in thg grSHHE&L‘Eraﬁ(ﬁ whiBAhdbaltyess, 95%@;’ f<_ﬁf®0.'5) aBdIpRye 6t ed. OOMHHdEfWiuﬂhence

t
e ”may SRR S oGP e et O At piss oraee %ﬁﬁ%ﬁf@%ﬁ%ﬁa
Py W T T A TR
GSSG a VEpof ; SEGRtoier NEC et o FhFTeas: ol
tG|S ﬁ?s ngS Fﬁ}ess?olﬁﬁ?%SMf ooocrl(:mu:’25 o | he tm} 62P
< 0. 000 At ?”bﬁ%ie@%w"é%z‘gﬁé%b(é%‘% ?Od’é‘I CE(S‘B"@S 8%’ éﬁégﬁ%ﬂg@
g tngftlng teoloﬁma:l@.caf} ﬁh%s?’r@ﬂtsgﬁggbstedt&ﬁ%ebq’rkﬁbgmbf I&Mﬁsz@ﬂfﬁtgtg?teﬂhan&ﬂ@lenﬁte
o1 ot ect ORGSR B iR e g R P ot B S BRaR e P R v
t hr ough:esmm@htmpmﬁ@ammxiﬂamm dative stress. Asimlar obser vation
was reportedin another study that found that quercetin, a flavonoid

(0.1 p. MopsSAN CoRl MEHERISHRI s I il EAP ASRI A Ul DBZE LS delr O
dyi ng from 1% (v/v) of DMSO, presunably through the attenuation of

oxi dat i 78T 4¢¥¥s (Cao et al. 2007). [00261]1 MSs Suppressed HSC
Activation Markers and Fi brogenic Endpoints in a Tinme- and
Dosage- [D@péﬁid ent TiManherin{eORE2Gd etnﬁhﬁklaﬁ@rdpbmas dfelenMs ohmadtivigies oBSEAP

can be l’!uc?ant gj%ym b@WAkIe éOﬁl 38 &SWWSI’E: ass'\a{’jof‘é Figure 4a shows that DBZIM attenuated
the GPx activity by 10% at 10 pUM (P < 0.005) and by 10% at 50 pM (P < 0.01), but enhanced the
GPx activity by 15% at a high concentration of 300 upM (P < 0.005), with a slight b1phas1c pattem.
For TDBZIM, GPx activity was suppressed by 18% at 10 uM (P < 0.05), by 25% at 50 pM (P <
0.01) and by 34% at 100 pM (P < 0.005) (Fig. 4b). Tn comparison, EGCG attenuated the GPx
activity by 53% (P < 0.005) at'25 pM, while NAC did ot show much effect at 5 mM (Fig. 4a).

[00257] A similar pattern was observed for DBZIM’s effect on CAT activity. DBZIM was
able to attenuate CAT activity by 19%, 16% and 12%, respectively at 10 M, 50 uM and 100 UM,
respectively (P<0.05) (Fig. 4c). When the concentration was increased to 300 M, the attenuating
effect decreased to 8% without statistical significance. TDBZIM inhibited the CAT activify by 25%
at 10 pM (P < 0.005), 31% at 50 M. (P < 0.0005) and 20% at 100 pM (P < 0.005), with a less
potent effect above 50 M (Fig. 4d). EGCG showed 13% suppression on CAT adtivity, but the data
were not significant, whereas NAC demonstrated 35% inhibition (P < 0.01) (Fig. 4c).
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for HSC activation in vitro (Thang et. al 2006). Deposition of ECM

(i ncluding collagen and fibronectin) was the endpoint used to assess
the degree of fibrosis. Two IMss (DBZIIVI and TDI 3ZI M suppressed the
MRNA | evel of both HSC activation markers (G-AP anci SMAA) and
fibrotic endp0| nt (coI I aI and f| bronectin) in a dosage-dependent

Fi 6b
(Figs. oz %gB )As W&M ﬁ@c@&mﬁcﬁmmﬁ&sﬁdwm

in Fig ZEL attenuat ed expression |levels by 18% (P
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SMAA exp ge.
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si gni f i S&REeat Egy )@A@%ﬁ%ﬁ%ﬂlﬁﬁh@r%%%’ﬁd%ﬁt@w st RASOe | s
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enhance he real -ti ne PCR dat a. her .
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change Mé8&ciaherh wad G__gﬁtﬂéﬁaﬁce‘ﬂ@ﬁ:@:n Hﬁh ﬁ’ﬂﬁ\f!@z) 8:/ GDBHISD, hdvven Sy @Ro@mited
Transcrl tion of T 131 and TGF 1 R 6] TG 131 is the nost

i nport a enpatige pf edsgenstEss (ot ngdo Wen the liver is insulted,

gui escent HSCs respond to TG 131 secreted by Kupffer cells and
endot heJ00a61]cel | &4Ssfadpratsad HST Activation Markers and Fibrogenic Endpoints in a Time- and

Dosage-Dependent Manner

[00262] Tt has earlier been shown that GRAP can be used as a biomarker along with SMAA
for HSd activation in vitro (Zhang et. al 2006). Deposiﬁbn of ECM (including collagen and
fibronectin) was the endpoint used to assess the degree of fibrosis, Two IMSs (DBZIM and
TDBZIM) suppressed the mRNA level of both HSC activation markers (GFAP and-SMAA) and
fibrotic endpeint (collal and fibronectin) in a dosage-dependent (Figs. 62 and 6b) and time-
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produce TGF- 131 thensel ves via autocrine |loops. TG--131 is

over - expressed during HSC activation ' and liver fibrogenesis (Bachem
et al. 1992). The total TG 131 synthesis under the treatnent of

Bl Ss' was neasured. As shown in Fig. 9a, DBZI M suppressed the TG 131
nMRNA by 28% (P < 0.05) and 33% (P <0.005) at high concentrations of
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[ 00268] | 1-981) Wiy dogapenelddMye 8B and i nvol ved in infl ammatory
responses. Being a pro- contractile and pro-inflammtory cytokine,
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not showogdeali st igab l:éﬁrs%'s kgﬂo%ﬁ‘&aﬁ‘éQPWﬁm&dﬁme]@%eéﬁle of
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[38271] bf@g ]{n %ugl #Eg %éprlg’sss PR 0 ws ﬁ%ﬁfgﬁégﬁ?féjﬁié eporter

Surr ogateépressmn was particularly induced by TDBZIM at a ]:ugh dosage. Western blotiing of GFAP,

('ID

-S$MAA, collal and fibronectin was also performed to evaluate the influence of compounds on the
protein expression level. As shown in Fig. 8, both DBZIM (100 pM) and TDBZIM (50 uM)
attenuated procollagen oI(I) and fibronectin significantly, and GFAP expression to a less degree,
when the cells were treated for 48 h, DBZIM suppressed SMAA protein, but TDBZIM enhanced
SMAA, which agreed with the real-time PCR data. Other time points (3 h and 24 h) were also

examined, but no significant change was observed (data were not silown)-.
[00265] IMSs Suppressed Transcription of TGF-f1 and TGFBRI

[00266] TGEF-B1 is the most important pro-fibrogenic cytokine. When the Hver is insulted,
quiescent HSCs respond to TGF-B1 secreted by Kupffer cells and endothelial cells, and start to
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It has been shown earlier that the GFAP-l1acZ transgene reporter could
be used to screen anti- 50 fibrotic conmpounds (Maubach et. al 2006,
Mang et. al 2006). In the current experinent, the f3- gal actosi dase
activity under the treatnment of DBZI M and 1 D13131 at different
dosages (0-300 fiM and tinme points (24 h and 48 It) was assayed.
Signi ficant suppression onp-gal act osi dase activity was observed for
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di ssol ve&oqin @yE0eor 1120 dependl ng on their solubility, and the
intensities of the bands were conpared to the respective control. As

h 13 L 31 and
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TDBZI M tissue repair. Protein expression of the NF-xB P65 and activation protein 1 (AP—I) famﬂy members
{c-Fos, c-Jun, Jun B/D, Fra-1/2) were exammed when the cells were treated with IMSs. As shown

in Fig. 11, nuclear NF-xB P65 in an active form was significantly attenuated by both DBZIM and

TDBZIM. The amount of latent NF-¥B in cytosol was not affected (data 1ot shown), AP-1, c-Fos,

Jun D and Pra-1 were suppressed, while c-Jun, Jun B and Fra-2 were less affected. .
[00271] IMSs Regulated the Expression of a HSC-Specific GRAP-Reporter Surrogate

It has been shown eartier that the GRAP-lacZ transgene reporter could be used fo screen anti-
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[ 00275] GFAP, SMAA, fibronectin and collal transcripts were al so
quantified by real-time PCR As shown in Figs. 14a,b,c,d, GFAl'
naR_NA was suppressed by 2 niMof DPILVI by 78% (P < 0.0001), by 50
AM of AM TI VI by 69% (P-<0.0005), by 50 pMof TMPHI M by 66% (P
<0.001), and by 100 uM of DBZBI M by 50% (P <0.005). SMAA naRNA was
suppr ess &robigcotmponis GFabBiVL Y2008 9806 R ot0al 8)6). Hothe 2nrreiv axpaﬂm lthe B78%
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HSC act i n and fibrosis. This m ght due to the chem cal
i nst abi | - EGCG under the prolonged incubation of 48 h. It was
reportedthat the half life of EGCG was only. 30 mn in the culture
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ext ent of fibrosis was assesse I r1us IFagen ‘st ai hi ng

at 4 wedkbenzpbenzppiazoligm bsomidesPBEBEG), Manyeed nederatetrixivity. Ohe aediidf t he
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only mni col | agen stai ni g)%fwas seen in sham %ate OE‘E
(Fig. 16K ""t ereingd, fipa it solph %Ws%ﬁuﬁewa?d&be @1\%@@ =
di d not umﬁku@emmcgmmflsaaﬂm@nﬂ@ g@@oﬁ??id 1REROALVATCSEBl66 B W
weeks 'after co%oun eatment, the collagen contents were

dr amat i PR HW%@WM(IC%@F%%E) and 1g/1 (Pig. 16P) of
DPIM The effect by the 500ng/1 of DPWwas not concl usive, since only

one nou$@02rdl t r Eaficaty WichRpddaisin AR Resathg HibRsit WwibalRlevaadisl, eetlmection
(Fig. 16D @é'f‘ggh E veI the Sirius-Red positive, areas were reduced
from 8. 86%%? E@ 1 EotgRE e tﬁ%@'ﬁﬁ/bEIOWafHHI RERRerivAHrY- Campounds were

dose- depitireldisdolvgd irdOMBOtp HZ0 dehebdind Herhelo sutifity, ked the {drdn@itide of the bands
were compared to the respective control. As shown in Fig, 134, proteins of SMAA, Collal,
fibronectin, TGE-B1 and TGFB RI were all suppressed with the treatment of IMSs. Sem.iquanﬁtaﬁw'
data from measuring the gfay scale of the band pixels is summarized in Fig. 13B. If all 5 parameters
are assigned with equal importance, the efficacy of IMSs could be roughly ranked as DPIM >
TMPHIM > AMIM > DBIM » DBZBIM > DBZIM > DPPHIM > TDBZIM.

51



[ 00280] DPW r educed fibrotic cellular proliferation [00281]Liver
wei ght increases in BDL-mice mainly due to 1) the build-up of bile,
and 2) fibrotic cellular proliferation. The livers of different

treated groups were wei ghed, 4 weeks after BDL, |iver weight was
i ncreased by 83% corrpared wi th sham operated mce (1.50 0.19g for
sham oper at ed, vs. 0.51g for BDL 4 weeks, P<0.05). However
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cel | s wertdlendat ayd@d;e 053%1119&9@211 e@é@ﬁ%r@mug@ﬂ(t@m&)s DRiM aii TMPHIM

e, br GEbER ARl SRS 0N s 8Bl Gl SRRt 68

f or nucltesaeondiiers-i fi cati on and DNA content determ nation. DB213/1
inhibited the ELF cell proliferation as indicated by |less total cell

nunber gooR#ess Brftkck DES dniliver Bkyokis i dica dose- dependant manner (Fig.
21A), and arrested TILE cells in the GO GlL phase (Fig. 21B).

[00267] A1 Baced SAE Bt Drfdich L AHAR ARPREARL Boldh keIt oy tver

(LDH) r é?@@_ﬁ]@&%@a@e wE by a surgical procedure calied bile duct Ilgatlon BDL), rcspecuvely
As shown in Figure 15, the two IMSs, when administered in dnnkmg water, showed anti-fibrotic
properties in the two mouse models of liver fibrosis. Particularly DBZIM attenuated fibro:‘sis in the
TAA model (at 500mg/L, 12 weeks) (Figure 152) and the BDL model (at 10mg/L, 4weeks) (Figure
15b), whereas the DPIM displayed its effect in the BDL model at 1g/L (4 wks) (Figure 15¢c). This

data suggests that IMSs have potential as anti-lver fibrosis therapeutic compounds.

[00278] DPIM attenuated liver fibrosis

[00279] DPIM was chosen for further in vivo study, To ensure proficiency in BDL procedure,
a number of exercises and tests were performed to eventually achieve over 90% success rate on the
BDL surgery and over 4 weeks of survival time for the operated mice. The extent of fibrosis was
assessed by the Sirius-Red collagen staining at 4 weeks post-BDL. An extensive collagen
accumulation around the sinusoidal areas was observed in the BDL group (Fig. 16C), whereas only
roinimal collagen staining was seen in the sham operated group (Fig. 16A). Treatmhent of sham mice
with 1g/l of DPIM for 4 weeks did not induce any significant build-up of collagen (Fig. 16B). Four
weeks after compound treatment, the collagen contents ‘were dramatically reduced by 750mg/1
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the differentiation of apoptosis and necrosis of cells under the

i nfluence of DB2D/I. As shown in Fig. 22A-D, caspase 3/7 activity

(i ndicative of apoptosis) in both HE and Hep& cells was enhanced by
DBZI 1 VI, while LDB release (indicative of cytotoxicity) was | east
affected under the same treatnent reginmen. It suggested that DBDI VI
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sli ghtlwmﬂﬁsgrmgul ated and up-regul ated by DBZBA respectively,
whereas the other two nmenbers of the 13c1-2 famly, Bcl-2a and Box,
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i nfluen ZI M 002 i nduced
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factor &AI F) is norrral ly locali7ed in the mtochondria, and
00283} Eifect of DBZIM on Hepatocellular Carcinoma and Other Tumour Cells

[00284] DBZIM inhibited cell proliferation and disrupted cell cycle in HLE cells

[c0285] The effect of DBZIM on the HCC cell proliferation and cell cycle was.cha.récterized
on a high~content screening (EFICS) platform. Under each concentration, at leas;s 1000 cells were
analyzed. 5-bromo-2’-deoxyuridine (BrdU), which incorporates into replicating DNA, is used to
identify cells which have progressed through S phase of celi cycle. DAPT staining was used for
nuclear identification and DNA. content determination. DBZIM inhibited the HLE cell proliferation
as i‘ndicatecl.by less total cell number and less BxdU positive cells in a dose-dependant manner (Fig.
21A), and arrested HLE cells in the GO/GI phase (Fig, 21B).

j00286] DBZIM induced cell death through apoptosis in HCC cells

[00287] Cell-based caspase 3/7 activity and lactate dehydrogenase (LDH) release assay allow
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transl ocated to the nucl eus upon induction of apoptosis. It induces
m tochondria to rel ease caspase 9. In nucleus, AR also induces
chromati n condensation and DNA fragnentation, a process known as
caspase i ndependent apoptosis pathway. DBZINI was found to induce the
transl ocation of AIF to the nucleus by Western blotting (Fig. 26A).
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apopt oSdcgter M6S 1B, JRNY, DBYVI(bietiep &aént@findawala@giosgxﬁ B&EH%pGZ@mHﬂEE

cells sh d that ZI LVl _si gnificantl nd veral
of the KRBT IS PP Xiat & AEPe gt L St At RS e dpopinge 11515‘{%
not Fr aonf. induP£6b 0B inNldpGd e fbt &I 68iss and reduced pai r in several

ot her tunor cell lines [00298] To i nvestigate whether the effect of
DBZI M i goddayer c . east and gastric
cancer %eﬁ! vver%bi't@étgz? dzﬁﬁzzttﬁh%g%ﬁ%%g%gaﬁpdmgg%w nd that t he sane

agent 0[3 (il significant cell death in all the_tupor_c nes

t est ed. #i@ | C50 R A15 &° derandiRn arprigsis gaflway)inkplied By DF o‘iasqqﬁ%é 9

(lung cateeds)werdddsayM ity cMobmétnic BEseRShs SaRE Sl g, Zaﬂdcaﬁﬁzhlsﬁ/ iaoﬁn@ity wWdsHot
astri r erestin

mch | EEAES BRBEME N sttt e e en SR ARCAPURLR Gty DM

( Evl ROQjointifgia mﬁtmhondﬁaeaédmﬁapoﬁtosmﬂmaﬁ Hit 28 DB wbBEDBidd tressd 2 ed i n

nor phol %gﬂ ﬁg! k i i eduction in
the nunber o 13(1?%?%/:?{1_35-0%32@% éndﬁ? g’tﬁé a Sélo(ﬁ%g%?# that DBZI M
S|gn|f|cantly reduced t he grovvth of tvvo Ilona cell lines, UB7MG

( human)9%#1 cs (%t@f%wéna-@eﬁawﬁ%ewow? Fethesgs paeldemEekbyRe day
2) for BT Minanch Gehihik BOAFoplosHMAns) fnBedTN: sHo@SREMI WYY blotting in-

Fig.24, the anti-apoptotic protein Bel-Xy, and the pro-apoptotic proteiﬁ Bak were slightly down-
regulated and up-regulated by DBZIM respectively, whereas the other two-meémbers of the Bel-2
family, Bel-2a and Bax, were not affected by the treatment. Notably in the TAP family, survivin
was significantly suppressed by DBZIM, .whereas xJAP and c[AP were not affected (Fig. 24). In
addition, FICS analysis revealed that survivin was translocafed from the nucleus to the cytoplasm
under the influence of DBZIM (Fig. 25).

[00292] DBZIM induced cytoplasm-to-nucleus translocation of AIF

[00293] Apoptosis-inducing factor (AIF) is noxmally localized in the mitochondria, and -
translocated to the nucleus upon induction of apop{osis. It induces mitochondria to release caspase
9. In nucleus, AIF also induces chromatin condensation and DNA fragmentation, a process known

as caspase independent apoptosis pathway. DBZIM was found to induce the franslocation of ATF to
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[ 00299] To determ ne whether cells undergo apoptosis, Wstern blotting
was first perfornmed for a caspase-319 and PARP activation with
proteins from MCP-7 and AGS treated with DB/fM Results showed that
DBZI M ti me- dependent |y increased caspase-3/9 and PAR' activity,
suggesting that the DBIJN -treated cells undergo apoptosis in breast

cancer Gglly eﬁﬂ% vb@%ﬂm&%hg@éé&&) Mb&t%wakﬁn&sépﬁedﬂ@%mﬁg&agsmﬂ@er

cell AGS (Fi mlarly observ | M1 nduced el evation
of cas paf§€ﬂ @p mﬂ@qho@m(cwplasm @m@suual@uszﬁa 39BNt ia mgrth poting hamderyB A
folds aty2mzaMe &E{(& Aﬁ?ﬁro%ﬁex?ﬂ@ W oe agsgﬁgtggmﬁle%ﬂfa%oﬁﬁeds&fﬁ\éﬁl wch

protei n ki nase i nase signaling I's act | vat ec a variety
of car cigsorresmaly E@mjfbfcﬁglefég FPOP@éiF aﬂt&ﬁﬂe pralitsisedtiHCSmegegehidat #unor

types t hsomelln Qe) GXRBERDS stBsel dFerich (L. 96€).N 1 tsel T and/or

i ncreasi ng phosphorylation of M. This study provided evidence that
DBZI M i |cularl efficacious in inducing ap gsis in AGS, H1299
and I\/CFS[96J@515 ”%W%%‘f"@’ﬁ?ﬁfﬁ@c@’ﬁﬁ%sﬂ’?g%éductl on in the

| evel s of the, phospho-AKT. Next it was investigated whether DEM
nmodul at 602958 M Raattﬂvwawgbmsﬁ:&%q&osmeﬂy djﬁeﬁﬁy modfib%ﬂlﬂar ripBRimdflecules,

Form o aeEeiel Gl ReBls SRRLE BuRih SBAR LB kil offto) I o0 e
changes t migeS¢matrigrnmedalell déamby ADOPICEL W&l@h teakﬂdrmél DR Med theEiimoBP) |
Taken t Qs NAME o %ﬁgﬁa{éa&gﬂﬁ%ﬂgﬁﬁm t}ibsgﬁ O@%@%_ﬂg{eﬁ@ﬁps@%%

of AKT- Iat e F's 1 nde
[ 00301] [@ZJWDreduced tunor growth in a xeno graft HCC nouse nodel
[ 00302] Several HCC cell lines (Hep&, Hep3B, Huh7, PLC, and MAE) were

tested ;[ongapelh r A?&ﬁbt%\ig&cf/aﬁd@le@it@d 1s+eeaﬂﬁaﬁschpﬁamctbﬂ6€uff ﬂaﬂoﬂptd@l_lghm (@911) and
it was fou that Hu i ne. was ano npst__e erefore a
It e 1SOEREEh BROvS DEttT iR o s Mg PO G ) LB LRSI ¢ ho
ant i t umHLBEdEfd shawsd thit Dmmé@niﬁcwmdua@w se&rai&ejkﬁemmibftheﬂ{ I eatpient |

di fferenc e ween mce in the control and
t he treﬁﬁ%é%”gﬁn?éﬁﬂ\%gqﬁ}%g%ﬁfb int showed that the tunor
volume in the DBZIMtreated mce was significantly reduced bé 40%
(P<0. 01)00R9Eh coRFaréinduerdmertesirmnd eidurer GAKT P gpveralamler tor GEEDt ed

that the body weight (including a reduction in the tunmor wei ght) of
t he DEM[¢0298] ed rrb Gsredipae eashel thyefbd%t DBZI iiver &ﬂlts@d’clﬂcmi}ﬁler vl b,

N O
caused significant cell death in all the tumor cell lines tested. The IC50 value (determined at day 3)
was 50 pM for H1299 (Qung cancer); 50 pM for MCE-7 (breast cancer), and 40 uM for AGS gastric
cancer at day 3 (Table 3). Interestingly, DBZIM showed much less cytotoxicity on the normal (non-
cancerous) fung cells (IMRO0). Purther, treatment of AGS and H1299 with DBZIM resulted in
-morphological (apoptotic look) changes and significant reduction in the number of cells Fig 29A
and 29B). It was also found that DBZIM significantly reduced the growth of two glioma cell lines,
U8TMG (human) and C6 (rat) (Fig. 30A and 300), with IC50 (determined at day 2) for U87 MG
and C6 being 2.1 mM and 1.0 mM, respectively.

[00299] To determine whether cells undergo apoptosis, Western blotting was first performed
for a caspase-3/9 and PARP activation with proteiné from MCF-7 and AGS. treated with DBZIM.,
Results showed that DBZIM time-dependently increased caspase-3/9 and PARP activity, suggesting
that the DBZIM-ireated cells undergo apoptosis in breast cancer cell line MCF-7 (Fig. 31A) and in
wild-type p53 gastric cancer cell AGS (Fig. 31B). Similarly we observed a DBZIM-induced
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[ 00305] A total of 46 ILVISs were cultured in the HLE cell line for 48
h to determ ne rough I C50 val ues for individual conmpounds. (Table 2)
After the initial screening, seven of the | MSs, conpound C, conpound
9, D3N-15, ISN-19, M\-24, B3N-25 and I BN-32, were used for subsequent
experinments. [00306] Endogenous expression of p53 and PLC (p53

Mut ant) depabnafaaghac/van CE Iy fokis arlet My dias UBY Mgl ar foldlao? mM) BFig, .
34). The3®£@§ﬁﬁgon of p53 was high in cells bearing nutant p53, as
conpar ed with the wild type p53. [00308] I Mss inhibited
proliferation of HLE cells [00309] The effect of IEVISs (IN 15,

| BN-19, [088004, DBiN-AXS (aden dndvBiNsI2)teio kintda B) pinaseisigealing patbwarioptvadds aof

Dol 1T or ek amihdis bk, WBR YR dAF rnerb IS o b i ekl e B1C
The t r eatpeestingshe F:lctlpEot&m Wself apd{omdeereasink prosplioritatigh SEAkte Jbis stady revideddose
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wi th DVB one no effect o ation. The
| Cso val f@és theyrugh Bmedﬁmsnﬁ)amlmg thieRpduRton iDBkierels obthel p@@twcséKﬂ" rTVef it pas

cel l A g Afam at
72 hS mv\ﬁ’lﬁYe‘g&%aFMh%gg‘t%a@ﬁ Ig‘?dgrﬁ%ﬂéﬁfﬁ%ﬁ%ﬁlww g, TR 55 andm
D3N, 32 | PBAM eagpent rpsdied nzo anpmsa@lef mfmcregu@umofzbe gawe fogn ghd i gerogphp- 35

pm and 8%9478 Aﬁ%t) éow to4i§ Mwﬁ] Xtﬁf:h b&c@!ﬁhﬂes tested
cultures visually conlrrred t|o on ce 0|ferat|on 3/
| MBs. ( FFig: 3B5)akfnosioy, |mdatm@age@uth@t@mmﬁ SR szpml]emr e lmedate

i ndi cat eghbiat m&g@ﬁdeﬁéngfﬂtgfﬁgq thy inhibited cell growth in FILE

cell's, Annexin V-PI dual-staining assay was performed in the same

cell ty er t ndition t0|n te whether the growth
i nhi bi tlplﬁ?\éﬁ]'isul t%‘gﬂ%‘?g‘%ﬁ W%%Bb’?‘dgﬁem Rger 6‘8%529 apopt osi s
woul d stain positive for Annexin V-ETC and negative for Pl (quadrant
4, Q). [08302 whi SehverstHIG el lipos(HepG2, HepdB b, PAGH eod HLE).veRcegaddortheir

(Q) ar %bﬁ:t,\% c?etuﬂ§r Ry %@ﬂ:c?:h%gﬁe @fce, &’i%‘é?ﬂo&n@cﬁaﬂﬂﬂ? HHOLRABEEhOTost:
se (QB)

and tho stal ne - negative ot Annexi n V-P1TC and %3
wer e al iafficiest T@m&r@@mﬁ@e pidef B tablirbest Bingshe Hyh7celnlprieting the ppti-

debris shaéretha %g$ﬂbﬂm Rbivk Fhtee vRASKSROWR telmEhi m&@meeeammlassmave@s
13N- 15, 33N- 19 N-24, LBN-25, and D3N- 32 |nduced 333%%29% % /

and 18%%PRBT beFrerapiopin s conirgl @adybe frpaimaen’ sroyp g 334} dlearregspiaysd
cells (Ehe&%noﬂﬁﬂt&lﬁb&&mm&f—@’ate@m Vs QRhiBGanfl¢ kddScedagrDrPRINY) tvhat

Lgﬁpé wg- I{)Irlllgalﬁlrg to tﬁ: ec'o!m: [;JJ(J).C\!/gt (Eig % )] bft was notela%at %e %oc%nwlvééh% mclutﬁ!?goi) ret?uc!:lon i

the tumor weight) of the DBZIM-treated mice decreased by 17% (P< 0.01) after three weeks of
treatment (Fig. 33C).

[00303] Anticancer activities of additional IMSs
[00304] Determination of IC50 for 46 IMS in HLE cells

-[00305] A total of 46 IMSs were cultured in the HLE cell line for 48 h to defermine rough
IC50 values for individual compounds. (Table 2) After the initial screening, seven of the IMSs,
compound C, compound 9, IBN-15, IBN-19, IBN-24, IBN-25 and TBN-32, were used for

subsequent experiments.
{00306] Endogenous expression of p53

{00307] The expression level of p53 in Hep 3B (p53null), HepG2 (p53 wild type), and'I.-lLE
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.[00312] 1 Mss changed cell cycle distribution [00313] To anal yze

whet her the | Mss-induced inhibition of cell gromh in FILE cells was
acconpani ed by alterations in cell cycle distribution, the percentage
of cells in the different phases of cell cycle and apoptotic index
wer e anal ysed by flow cytonetry. When cells were treated with D3N 15,
D3N-19, .| : I ng
to their res %gthlgﬁ\gg& g%gc\l/ngﬁ] ug&%ﬁ%@%ﬁ%ﬁ:@éﬁfﬁﬁ%&@%ﬂbﬁ@@%p?gbg

and 20 gxpreysidnok pyRwis,bigh is cdls béariogmbtaated finm batpasd todellowlith the wild tipe

sub- GO phase and a correspondi ng reduction in the nunber of cells in
the &/M phase wal found. The representative results are shown in Fig.
37A, 37B and 37C Two percent of the cells in the control culture
(with (S indilyedmolitragen of i@cells t he nunbers dramatically

cli rrbed up to 20%| n the IM5-treated cultures. Simlarly in control
cul t ur €p0osa8] % ceftesv@ bEMIS (tHNe15BNIATBN-24MNET @dl[EN-BD)Bonﬁh@hase

and 30% e.in the phase Wnerea in the EVM5-tr.ea
N S ot oot RIS Bl D el 222 TSR USRS 2006
28. 6% padlifeation ietilticor3VEs BftuhfRelGahdrsmyRied bﬂMETﬁéﬂt@hﬂe&x@of mmlver

19. 7% 19. 8% % 14. 6% in.the_S.ph
53 vo0 R T4 ISY i Dt gt e pH R e AL BT R iohy Thacytdl
[ 00314] dxﬁﬁmnenﬁ ahiith VISP alohOBI0S Wi hﬁﬁﬁ:psaﬁ& oa@tl ptalifemﬂmi GI&SIC@] \?éﬂne for

caspasdB Nt UL B e B P Pelte aRrn b 0 o

pr ot ei nud, msahe&xdfzoqm Ik . 1€ SIS the i, V@iGe RPIN-YR dBRhaTENEN, mq-zﬂﬁxdand
25 | ndgthd nificant activation and cl eavage of caspase 3 an%@

caspas REIsEELYY b wasyound ipybealliinh g8 #7a £0
cell's t\citeshic@BsecARARY &5ths eelilcBifRdebiduhM conriina HRANSsltd 1 BN proBissdien of

p53 an ated p53 (Serl1l5, 20, 46 and Ser 392) [00317]In
or der ﬂg%g@f@? 3?%5: whet her the activation of the p53 pathway was

i nvol ved in
[00310] IMSs induced apoptosis

[00311] As the data indicated that IMSs significantly inhibited cell growth in HLE cells,
Annexin V-PI dual-staining assay was performed in the same cell type under the sé.me conditions to
investigate whether the growth inhibition resulted from cell apoptosis. Cells undesgoing apoptosis
would stain positive for Annexin V-FITC and negative for PI (quadrant 4, Q4). Cells which stained
positive for both Annexin V-FITC and PI (Q2) are either at the end stage of apoptosis or undergoing
gécrosis, and those which stained negative for both Annexin V-FITC and PI (Q3) were alive or
undergoing undetectable apoptosis. In contrast, cell debris stained only for PI (Q1). As shown inFig
36 A and B, IMSs IBN-15, IBN-19, IBN-24, IBN-25, and IBN-32 induced 33%, 29%, 28%, 21%,
and 18% (Q2) cell apoptosis, i'espectively; whereas fewer apdptoﬁc cells (7.2%) were observed for
DMSO treated cells, confirming that the IMS-induced cell growth inhibition has a significant

apoptotic component
-[00312] IMSs changed cell cycle distribution

[00313] To analyze whether the IMSs-induced inhibition of cell growth in HILE cells was
accompanied by alterations in cell cycle distribution, the percentage of cells in the different phases
of cell cycle and apoptotic index were analysed by flow cytometry. When cells were freated with
IBN-15, IBN-19, IBN-24, IBN-25, and IBN-32 at a concentration corresponding fo their respective
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| M5-i nduced apoptosis, analyses of p53 and its down stream effectors
were perfornmed in IILE cells, which carry the nutant p53.

| mmunocyt ochem cal anal yses revealed that | Mss (I 3N-19 and 1BN-24)

i nduced p53 expression and accunul ation in the nucleus (Fig. 39).
[00318] Because phosphorylation at the Ser 15 site of p53 by ATMi s
often o{%‘: rved when cells receive DNA damage signals was

specul ated e eaplimasl wps8 %%W@d@(’mg F%htqﬁg‘ﬁ@%u@aﬁeﬁdhas

been repgs e sht@o ﬁﬁs@aadcaado sﬁ&mfg z{ecﬁ?ﬁﬁoﬂ%ﬂ%g&n%f@&fs n;thé G48ibhase

posttransl ati onal m)dl i catl ons p53 and activate its downst ream

t ar get sVisfoupdr Theuepreseniaive ceanBare Sé@?”ll i Hpath.R 7B engp7C)  Dugpereithtli e

al . 1998j;s m&%oﬁt&cﬁ%ﬁfb&e@%W@)%e%n@@@@ﬁﬁa@@%&eﬁs}@é nm%@mﬂah@auy
i nduced p53 Mbodifications, such phosphorylation at 5er-15 (Fi %6

40) oluefﬂlﬂ%?ﬂféﬂgil to@§Biimibe BYS tpatet s t Hmdalyiie eonirel caltpst %&%aeﬂﬁﬁtﬂw
| dnase Gﬁﬁlﬁse P %@rlﬁ%@,phisb VL3809 %ﬂq&dle RhHAs 915@@5 yd ﬁthl ﬂer@ag mﬁﬂb’S}!l\iS on

at Ser- -46 and. - hese posttransl alion tions g
appear 'feﬁfeﬂém%émw B, ?—FBY 1%, HENLQ&# E%%P@%Nr%!t@%:?%%s 25@% 345%,

[ 00319] dnl/B%:3 A GhUELALE H@e BXBREGT bRB: g ;@hd BRORUOSYS 11.5MMUah s ald M&Yd i@ BheOf
20] To investigate the mto hondr i al

th t opchond th 00
evgn'[ns ﬁﬂ?on G 'yfﬁ’pQ% W?‘i’y?ﬁ%h@éwoé% e ingthe GHM phasm EreReciive 3‘Ehe | evel s

of pro-apoptotic protein Bax, and anti-apoptotic protein Bcl-2 were
anal yz6{6031I4|}1mndMSmtndeaadkzy@mzssehnwdsddmtatmeat ment of BLE cells with
various |1vlSs increased Bax protein | evel and simultaneously

decr eagpok§1- 2 Tﬁﬁﬁﬂerﬁ%ne% e‘i; gi%éﬂoﬁ?ﬁ:lu by TRV 1R oRERh | | NG Of

gene expression in | MS-treat ed ¢ 0322] To obtain nore

i nf or neFTGHD NV st Hofanglpiavas ﬁﬁqf%ﬁ%ﬂ%@mmfg@d@a@ﬁ fraddiFsally At Yate

Bl LE ce@jbbesved Btht BN 24 lg@tseshubay spg%ﬁaoaﬁtg&ﬁiau&fa@a SRkt beawafea 4pa of i | ed
er Arra Bi osci_ence 42A, B,

by usin il array

C, D SPanﬁéﬂRﬁﬁgﬁ agﬁawe%@%& R esEoRM e =4S s Br@&@gnt%%ﬁ s,
cell cycle, cell growth, proliferation, differentiation, and DNA

r epai r .[0931 6has fIMSnacmehad tPA‘Emregenefgié‘pméslmsphmd&tedlﬁﬂSaﬂ,éﬁ, pend 39,
13N24 9) D3N-25 treatnent was significantly increased by 36-, 4.6-
and 9- foI ds respectively, when conpared to that of the control (Fig
42E) . dat show t hat | MSs induce transcriptional up uj] ation
of ATM @@ﬁgl whi'® AP0 CRprRiRe Whefies thg actiyahionrof the g% P%WpW‘FSWP&Nan at
Set - | SIM8-itchesdrdpbftog€ blhadyses of p53 and its down stream effectors were performed in HLE

cells, which carry the mutant p53. Immunocytochemical analyses revealed that IMSs (IBN-19 and
IBN-24) induced p33 expressioﬁ and accumnlation in the nucleus (Fig. 39).

[086318] Because phosphorylation at the Ser 15 site of p53 by ATM is often observed when
cells receive DNA damage signals. It was speculated that ATM may also respond to IMSs in the
HLE cells. Tt has been reported that chemical agents that damage DNA. act through
poéttranslational modifications of p53 and activate its downstream targets in various humnan cancer
cells (Banin et al. 1998; Canman'et al. 1998). The present results also demonstrated that these TMSs
induced p53 modifications, such as phosphorylation at Ser-15 (Fig. 40) due to up-regulation of
ataxia telaﬁgiectasia—mutated (ATM) kinase gene., Furthermore, IMSs induced phosphorylation at
-position at Ser-20, -46 and -392, These postﬁ‘anélaﬁonal meodifications of p53 appear to be
responsible for the cell cycle arrest (Fig. 40).

[00319] IMSs induced the execution of apoptosis through activation of the mitochondrial
pathway
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[ 00323] The results denonstrated that D3N-24 and 113N-25 significantly
down regul ated anti- apoptotic genes BCl-2 (Fig 42A). The results
fromthe quantitative RT-PCR analysis also indicated that SESN2 gene
was nmarkedly induced by EBN-19, as conpared to untreated (Pig. 42B).
Further, the results also denonstrated that cell proliferation genes

Mol |, EmUBzo]Pox 0'30 1nﬂé$ﬂgaté\@6ﬂuto$ﬁfohdnaiad’v6ﬁ§ fvo1eesih visFEafkdd a C}B%déﬁ@ tignd,
Br cal re fi down re%ul ated in the | BN-24 _an BN2

treated® 8¥93§1 %le &F SEPOPRUC BRIkt prft-anopiofe EFE*e’B)BC}r%Ee‘iBﬁWgWPQnt
cel I ?yﬁﬁmﬂoﬂgtﬁn@?ﬁi ého?a?ﬁgttfeﬁdéﬁnt oi%ﬁ%@%s ggﬂﬁ\&izq Ccc))@mgs ?&gﬁ(edgé% M g
significa wnr equl_at e | ) npoun an
conpoun i 1 of gastric and breast

§%: CK%%@ oty H‘?Oﬁ?ﬂﬁeﬂ;é%ﬁ?f’f”%‘r@‘)s %h
cancer cel I s [00325]1n this study, the anti-cancer effects of
conpounf0@2Hnd cRenptinred’B-POR grbiilingef gavie eg@etsidnin DdSdeatedetbls | i ne M CN

28 and p53 mutant breast cancer cell |ine MDAMB231, as well as CM
wild type 3 brrg@%k

expl or ed. 3Ii?::fﬁrst ang?/ltb%?ﬁé %ﬂgﬁg%%&oé}é\ﬁﬁese JP%%@heg &IBE egiéfé{nlmée
was mv@%@ F?j]évtgécge’% rdged theShatgnahsanaducti@eldrs pnkiled by@@a@@e Brofir quedy|
pl ates fk%@uéﬂc&)?ﬂg‘l@k‘eﬁ% BOEF GRE SRl A0S PLenl N8R AL I C
organic m)l ecu ‘then the ¢ totomg effe

meas ur efPPiPHS, cEkEiRccE! gtpvith @E@e‘f%%m@aﬂ@qu@ﬂ@%@aﬁd@%ﬁﬁ% iﬁé@s f‘t“ﬁé that

nor mal A@Eg&n@éxﬁ&hbﬁat&i%%@ﬂrm@ﬂ&ﬁm%nhmr@% Re@hGRRLSsI %%c%%} es with
no IC50§ on entratlon of the drug that |eads to 50% | et hal-ity

(Tabl e F9yreas ia é%ﬂq%@rlﬁé%ﬁpmwﬁm@emwa@é to et aEheesBl FHEFEEY he
nMost SeTiekd. @m@h&@mem@Hﬁdﬁ@mﬁM lighebilattf ob BirGerOwrBElin26m tibits

(Tables 5 a he ot hand onpound C killed both MKN 28
and MDA W%’éé“lps\% ??F%%ag‘ﬁ’rfé ?L‘O%GH@P}%‘% % 59 (Tables 5 and 6).
These 1 C50 values were simlar to those obtained with a commonly used
cancer [BP3RBI5- FI Theomywdis MémyrBidhd that NBN-B4 ek OIPN-BT sigrificanttl downtremubated dnti-

th c s . i nd
158 [ s a2 (GEnaNR D eeéﬁé S o ualR s el it o
m ce [dé?§§ %@%E@P&’Iﬂs H@e@émdmrqdﬁé N-L9.@p cauparesia Bricpigh Fig. P@@ Ferfgr,
BLE) Wen®retis biesladn@hsttfithat cell proliferation genes Mel1, Egrl, Foxo3, fun, Mdm4, Nf1,

- Prm1D, Sesnl, E2f11, Prkca and, Breal Were- significantly down regdamd in the IBN-24 and IBN-
25 treated cells as compared to control cells. (Fig 42 D) The important cell cycle regulatory genes
cdkd, cde25A, cdc2, e2f1, and Hk2 were significantly downregulated, (Fig 42C)

[00324] Compound C (DBZMIM) and compound 9 (MABZIM) inhibit proliferation of gastric

and breast cancer cells

[00325] - In this study, the anti-cancer effects of compound C and compound 9 on p53 mutant
gaSﬁ‘ic-cancer cell line MKW 28 and p53 mutant breast cancer cell line MDAMB231, as well as on
wild ty-pe p53 breast epithelial cells (MCF~10A) was preliminarily explored First, the cytotoxic
effect of these drugs on these cells was investigated using the MTT assay Cells were seeded into 96
“well plates and treated with increasing concentrations of these synthetic organic molecules for 72 b,
and then the cytotoxic effect was measured. In response to these synthstic organic molecules, the
normal MCF-10A cells showed resistance to both organic molecules with no ICso (concentration of
the drug that leads to 50% lethality) (Table 7). Both the cancer cell lines MEN 28 and MDAMB231
were the most sensitive towards compound 9, with IC-50 being 10 and 20 pM (Tables 5 and 6). On
the other hand, compound C killed both MEN 28 and MDAMB231 with the same IC50 of 35 pM
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ability to efficiently establish HCC in nude mce, and found that
Huh7 |ine was anong the nost efficient. Therefore a mari ne HCC nodel
was established using the Huh7 line and one of the | avlSs (conpound
9) was tested to assess its anti-tunor efficacy. Three weeks into the
treatnment, significant difference hi tunor size was apparent between
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conpare the control mce (Fig. 440), inmplying.lack of significant
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schenme. [00328] Di scussi on [00329] Anti -oxi dative, anti-inflamrmatory
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much | owsifiqeSliffGerce iomridan yaedppatent b2OB4n michmrthedontreltan® @6 Zeat@rén et .
at 2003 ' i nt.ri gui :
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prelimnafy I'n vitro and in vivo data seened to suggest, 1n contrast
to co antyapducedbit 43%vad §5F (010 af Nedomdd gk rehpagvedy. ydien eomparad et y
pr of i | o iRk Gty Als) A s Y SreighltS o0 LG i €o-
s S s e et
usi ng EVPRd mie. Phe qompired g fiercgntyad misp{Fige G dmpliiae {40k ARHSHEGH caerd s

Wi t h nowgtitiRREddivas 1t daadcideBaldb@sndmal | ored to various

speci fic therapeutic needs. [00332] Denonstrated Anti-Oxidative

Pr opertﬁgg%g]oug xlglgu%t.gal i zation of ROS and I nduction of Phase I

Ant i -O)gl atrve nzyn’% If00333] Cells or tissues maintain a redox

heneostasi s when the rate of ROS production and .
[00328] Anti-oxidative, anti-inflannmatory and anti-fibrotic properties of IMSs

[00330] Toxicity of IMSs

[00331] The IC50 of the most frequently tested compound in this study, DBZIM, was 1.7
mM, and the IC50 values for DPIM and DBIM with aliphatic substitutions were 2-4 mM. The in
vivo toxicity for DPIM and DBIM was roughly one-tenth of that for DBZIM. In contrast, the IC50
values for natural anﬁoﬁdants EGCG and genistein in HSCs were much lower (25-75 1M) (Kané
‘et al. 2001, Chen et. al 2002, Chen et. al 2003, Higashi et al. 2003, Zhang et al. 2006). Intrigningly,
preliminary in vitro and in vive data seemed to suégest, in conirast o common belief, that the
synthetic IMSs might have a better safety profile than the natural anti-oxidants. The mild toxicity of
this class of compounds certainly helped to put forth the prospect of using INSs as the basic units to
synthesize additional candidates with novel properties and functionalities tailored

to various specific therapeutic needs.

[00332] IMSs Demonstrated Anti-Oxidative Property Through Neutralization of ROS and
Induction of Phase II Anti-Oxidative Enzyme

[00333] Cells or tissues maintain a redox hemeostasis when the rate of ROS production and
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scavengi ng capacity are essentially in balance. Changes in

oxi dant/anti-oxi dant bal ance will trigger Lesponsive redox signaling.
It has been reported that oxidative stinmuli can induce expression of
anti - oxi dative defense enZynes such as SODs, CAT and GPx, etc., to
restore the original redox honeostasis or to reach a new equilibrium
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known as I K 13. Wien the cells are under various stress conditions,
such as infection, inflammation and tissue repair, NE-KB is activated
and transl ocated into the nucleus where it binds to DNA and regul ates
the transcription of gene-encoding proteins involved in i mmune or
inflammatory responses (Vasiliou et al. 2000, Al et al. 2004). The
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[00337] IMSs showed Anti-Inflammatory Effect Through Suppression of NF-iB and IL-6

[00338] Transcription factor NF-xB is found in the cytosol bound to inhibitory protein
known as IxB. When the cells are under various stress conditions, such as infection, inflammation
and tissue repair, NP-«B is activated and iranslocated into the nucleus where it binds to DNA and
regulates the trapscription of gene-encoding proteins involved in immune or inflammatory
responses (Vasiliou et al, 2000, Al et al’ 20045. The acﬁvation of NF-kB is associated with
phosphorylation and subsequeﬁt degradation of IxB. The NF-xB-responsive site has been identified
and characterized in the promoters and enhancers of many.genes, including -6 and ICAM-1 (Al
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activated 11SCs. TG-431 signaling is initiated by the binding of the
active formof TG--01 to type Il receptor, and subsequently | eading
to the phosphorylation of type | receptor (TGP RD. Activated TGFP R
recruits Smads protein, and propagates the downstream signal to
regul ate the gene expression of matrix proteins (Fu et. al. 2006). To
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t herapeutic drug candi dates based on synthetic anti-oxidants. It is
believed that thic report represents the first effort towards
exploring the potential therapeutic effect of IIVISs. IMSs are
precursors of NIICs, in which the electronic structure and stability,
and thus, therapeutic safety and efficacy can be tuned by varying the
N-substituents. NHCs with bul ky substituents favor a triplet ground
stat e gruleseihy dfitdtall TAEH-Riadnd ITGEPH RI (gt Dart tyd FipuiB). & wahtesentiyrepartesipat | er

substi s adopt a _singlet gr state and_.s t I hilic
and el CEETbBHAICEE-wEHE T bF SCEgh T ESa Bt Eogauey e fehJher rE8h <
study, pleMind§n@arRRshiahsh BRAFSTG @ald sufptést bipi@uctantd tofal T ERAATHbERY
and anti- fibrotic properties in cultured HSCs. At the B:]'I n;ﬁ
| 1 VI Ss isHovwdsl (Fiz13) Sowe \Msorertiealarly REN] Bovesharedfs FPPRICEHY %%g‘éi Bhe

range @i’&Fﬁ% ﬁgkkﬁ}&} Jndéqc\%\e thd o %{ﬁge{lv@h/%&&l?&o{h%ﬁloﬁﬁaﬁ%ﬁgdpgFslﬁﬂe”i c

and anti - mrat ory ects o conpounds are derive
t hr oughastteen epbriedoxéfftativeletpropdGE/B L mogatkdain iidnted b w grgerksatal

activation. The.radi cal ging property of the IMSs is presunmnably
origina ré)&"fﬁ-{%d?lﬁghaﬁ?zo%%?%z?t er a series of chenical reactions

i ncluding: (1) the spontaneous conversion of | MSs to NHCs preferably
under 003481 ¢ cdwiiitionnf HYQls atshesspeiated witlh ¢lewated fovelnef NR#B aad NF#E-

car bon_2- Ltion.w f '?#@d. S Linkéh fréodin ey

f or mat iro?f%o]f ° B e%r%’%lﬁhﬁ%% ctl Véé%?%@ﬁi.ﬁgmg%o he %Zﬂ%nr ali zat iSon gf

t he fr eeivardiwalksd phHoB4 Ehibhie whimnidienliyg resborshi s fast, HlyxBshap peanimplivhtad

hypot hesi_s. Al t hou t he under | vin ] ecyll . I I

el R ep st A R Bt Hep el teblealE EURHL S i cRRiop ek
t hr ou?!uf mdﬁaﬂi&hﬂajadcaé@i&nat(ﬁhhwka}ﬁiypt 2loPDO7 R &t isstudn ﬁl&lSsr@atp@ﬁpm?ifédesvg
si gha S . —.Lalges : i [ NESRp he
©r Sat reRpab s R g S R EhE Bl Dlectl NeS S IR Bt o)
GF. AP BiPeiniar henodimesimigemditenomgssdnt arlegsbovedin famiepiogét e, JunB and

scavengl g aﬁ‘rf‘zﬂ)fo{ﬂ%t?méﬂﬁéz ﬂo&ftﬂeaﬁ{gﬁu@i r(cﬁbg @ﬂl%@&aﬂ-ﬁh%%ﬁ Rborke@ A/ Ss*

therapeuti'c effect 1n treating 'brosis inthis study.  Further
expl or aiToi frrationaBy Swimostimperpat P-4 fsi émtciiagted BYCsrpudreg fos i ucton o
CONMPOURAS ahdmb HEAL IS JFSe06ISBRERN '(’P’E&Eag(ajgeﬁ’eg&dﬂgzribﬂ&@@ﬁﬂﬂél $.2805S.

[ 00348] Ef fect of _DBZEVI on Hepat ocel | ul ar [.ci noma and Ggﬁr % nour
Col |'s THOmno s BRCOREI PR s A T {es FRBuinees b aPel over
liver iunsdldeSnfdb st ILAS@;@&?OE,QUM&%II?‘Q@ZU@J@%S &fgtewmﬁim wi%ﬁd)-lnﬁne with
regener.ation, trix protein renodeli.ng, fibrosis/cirrhosi.s

ot A R e 5 B s et T SO PR B S L0 4 RS,
t 0 exphags pichent Hépage fiksdisthangh Ge nepiEinlof HYGmtigptiot, aad by d8885mgde o et
al . 20Q1l) Adv H I sh 0Qr. pragnosy s.: . :
cuccesarribel Pofiadpiaded et BrPSth ARRtiron i ek araiss.
t hat 1 (TG, AGRRBInDBEZ6)Medbast thodglc¥E-aBapd 434 signalingn bot h
differentiated (Hep&2), and undifferentiated (FILE) HCC cell Iine

ferentiated undi fer en L) HoC cel| line
the pr ST | R PPk Ryl b g e Clnq e T Bt at G0/ Gl

hase (Fig. 21B). [00350] Apoptosis can he triggered thraugh either
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neurodegenerative diseases, cardiovascular diseases, stroke, heart attack, cancer, aging and fibrosis,
etc. Therefore, anti-oxidation has been pursued as a therapeutic strategy for a number of diseases.
Dietary anti-oxidants have been widely used to ameliorate excessive oxidative stress both in animal
models and humans. For example, resveratrol has been shown to extend the lifespan of various
species, and to be effective at improving the health and survival of mice on a high-calorie diet (Baur
et al. 200_6). Tea polyphenols (EGCG being the most abundant catechin) have been-shown to inhibit

carcinogen—induce& DNA damage in animal models of skin, lung, colon, liver and pancreatic
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pat hway. The extrinsic pathway is initiated through the sinulation of
transnmenbrane death receptors such as Fas receptors and activation of
caspase 8 which leads to caspase 3/7 cleavage. The intrinsic pathway
is initiated through the rel ease of apoptosis activators from
m tochondria and activation of caspase 9 is involved to cl eave
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been denonstrated that this agent has anti-tunor activity in vitro
and in vivo, which warrants further efforts in chemcally

synt hesi zi ng and biologically characterizing additional |M conpounds
with different substituents on the imdazoliumring, in order to
identify candidates with nore potent efficacy with reduced side
effect. [00355] Anticancer activities of additional DI Ss [003561The
abi | i t yFather exgigption hgreveshihetrreatepotaiie Seribis swousp phreupenésdn feiog aihfr

deat h V‘@&%eﬂe&ﬁ%HQé.F%%lﬁ%@e gcul ar nechani sms (apoptosis and cell

cycle arrest) unde ing this ability were dissected. It was
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potent anti-tunor activity in the HCC xenograft nodel, and yet shows
no apparent general toxicity. This prelimnary evidence provides
proof of the concept that chem cal nodification based on a core DBZI M
structure can significantly inprove the anti-tunor efficacy and
reduce side effects. For exanple, C9 at concentration (1.5g11) can
have much hi gher potency than DBZI1/1 at a hi gher concentration
(2g11), [%%ﬂ?ad miThe eltesstioofiniteckandsa fonttion isfassociptad wish the ey@rph@és Qf ﬁhetCPFfe
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[ 00362] fhanbe il ialin®diSsed by PBZIM at lipls dSPREeY fd Batly Gt to\abeish kndB0S n
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art to which thiq invention bel ongs.

[00353] In the initial in vivo trial, DBZIM was admjnister.ed to a HCC xenograft mouse
model (Huh7cells in nude mice) via drinking water, after the tumor growth was evident and at the
log phase about 8 weeks after cell inoculation, Several observations were made. First, 3 wesks of
treatment with DBZIM resulted in 40% reduction in tumor volume, which is a preliminary and
significant demonstration for using DBZIM as an effective anti-tumor agent. Second, the effective

P'

dose observed for in vivo study (2g/1) is much lower that those for in vitro cell culfure study
(generally in 1-2 mM). This disparity could suggest.that DBZIM may have a very different PK/PD
profile in vivo than in vifro, Third, the effectiveness achieved by dosing the agent in drinking water
(with weelly replacement) indicates that the DBZIM is rather stablé in water and can be absorbed
threugh gastrointestinal (GI) fract effecﬁvely to enter the general circulation. Finally, we also
noticed a significant loss in body weight (by 17%) in the 3-week treatment with DBZIM, which
mﬁy suggest some type of general toxicity in the mice, though no gross pathological abgorma}ity

could be identified in all major organs. Perhaps an alternative dosing scheme using this agent can be
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Dal t on T{)&é].% 2006, 3708-3715.
1 It was found that IMSs effectively inhibit tumor cell growth concomitant with

induction of cell eycle arrest and apoptosis. IMSs activate ATM system and subsequently the
phosphoryiaﬁoﬁ and stabilization of p53. A correlation was drawn between the level of p533,
phospho-p53 (Ser-15) and ATM in HLE liver cancer cells. It is well known that ATM and ATR are
activated by DNA. damage. Activation of the ATM pathways has long been associated with the cell
cycle checkpoint induced by several DNA damage/genotoxic stress. Once activated, ATM
phosphorylates variou$ downstream molecules such as p53, BIDI\D, Chkl, Chk2, resulting in cell
cycle arrest or cell death. Tumor suppressor gene p53 is a key element in the induction of cell cycle
arrest and apoptosis following DNA damage or cellular stress in human cells and cell cycle arrest.
(Saito et al. 2002, Hofseth e.t al, 2003) In this study, it has been shown that treatment of HLE cells
with IMSs resulted in the accumulation of P53 and phospho-p53 (Serl5). It has also been found
that the induction of ATM gene expression ce‘mses DNA damage and p53 activity, suggesting that
p33 induced by DNA damage play an important role in IMSs-mediated cell cycle. arrest. Indeed, this
result is consistent, with the report of Canman et al., (19@8) who showed that pho;sphorylaﬁon of p53
at serine 15 was in response tolDNA damage. The in vitro studies also showed that phosphorylation
of this specific site is critical for the p53 response and subsequent IMS-induced anticancer activity.
It was also found that IMSs decrease the expression of a number of genes important for ceﬁ cycling,
including Cde25A, Cdc2, and SESNZ.

[00358] Up-regulated p33 protein can activate the pro-apoptotic protein BAX and inhibits
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phos pho&yichtii ahn1997). Folovied e gt (I8 eIt ﬁr?tﬂ IM$s( 8 was observed that IMSg

treatment resulted in a significant increase of Bax expression, and a decrease of Bel-2 suggesting

that changes in the ratio of pro-apoptotic and anti-apoptotic Bel-2 proteins might contribute to the
apoptosis-promotion activity of IMSs. The activation of caspase-3 and caspase-9 was also observed
after HLE cells were treated with IMSs. These resulis confirm that IMS-induced apopfosis is
associated with regulation of BAX and Bcel-2 proteins. |

[00359] Here it is demonstrated that, in addition to DBZIM, compound 9 or C9 displays a
potent anti-tumor activity in the HCC xenograft model, and yet shows no apparent general toxicity.
This preliminary evidence provides proof of the concept that chemical modification based on a core
DBZIM strﬁcture can -signiﬁcanﬂy improve the anti-tumor efficacy and reduce side effects. For
exgn:[ple, C9 at concentration (1.5g/1) can have much higher potency than DBZIM at a higher

concentration (2g/1), when administered via_samc route for the same périod of time.

0036071 Thus the present study demonstrated that; (1) human liver cancer HLE cells are
highly sensitive to growth inhibition by IMSs. (2) IMSs reduced survival of HLE cells via cell cycle
arrest and apoptosis induction in a p53-dependent manner, and 63;' decteasing the expression of
Cdc2, Cdc?..5A. (3) IMSs inhibited cell growth in the HLRE cells via activation of ATM, which
stabilizes p53 by phosphorylation of p53 at Ser15 and decreasing the interaction of p53 and MDM2,
(4) IMSs triggered mitochondrial apoptotic pathwair by regulation of Bel-2 and BAX proteins
expression. These findings suggest that IMSs are a promising class of low toxic chemopreventive

agents against human liver cancer cells, and other fumor cell ypes.

[00361} All publications and patent applications cited in this specification are herein
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R! and R%:

(1) are each independently H, straight or branched C;-Cy alkyl, straight or
branched C,-Cg alkenyl, straight or branched C;-Cg alkynyl, C4-Cio
aryl;

(1)  together with their ring atoms form a 6~ to 10-membered fused
saturated, unsaturated or aromatic ring system,;

(iii) R'and R’ together with their ring atoms, or R? and R® together with
their ring atoms, form a 5~ to 10-membered fused saturated,
unsaturated or aromatic ring system and the other of R' and R® is as
defined above in (i); or

(v)  R'and R’ together with their ring atoms and R? and R° together with
their ring atoms each form a 5- to 10-membered fused saturated,

unsaturated or aromatic ring system;
R? and R* are both H, or, when R! and R? to gether with their ring atoms form a 6- to

10-membered fused aromatic ring system or when the dashed line is present as a

bond, R? and R* are absent;
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WHAT IS CLAIMED 1S: 1.Use of a conpound of general fornula | or an

ol i gorner or polyner thereof, in the manufacture of a nmedi canent for
the treatnent of fibrotic disease or cancer: wherei n: the dashed
line is absent or is present as a bond to forma second bond between
the carbon to which RI and R3 are attached and the carbon to which R2
and R4 areg,sattached; R and R2: (i) are each independently H,

strai ght Yranched G -Cs al kyl, straight or branched C2-C6 al kenyl,

strai ght or branchecréas dBinad kge!for KBafd®”; af y! ;
(i1) are each independently straight or branched C;-Cg alkyl, straight or
branched C;-Cs alkenyl, straight or branched C,-Cg alkynyl, C5-C g
cycloalkyl iricluding fused cycloalkyl ring systems, Cs-Cyg aryl, Cs-Cio
aryl-C-C; alkyl, Cs-C g aryl-C,-Cy alkenyl, or C¢-Cip aryl-Cy-Cs
alkynyl, C;-Cs alkyl-Cg-Cyp aryl, C>-Cy alkenyl-Cg-Cyg aryl, or C2-Cs
alkynyl-Ce-Cyp aryl;

R’ is H, C;-Cg alkyl, phenyl, substituted C;-C¢ alkyl or halo;

in which any of R to R’, where applicable, optionally has one or more carbon atoms
replaced with a heteroatom selected from N, O, S and P and is optionally substituted
with one or more of straight or branched C;-Cy alkyl, straight or branched C»-Cg
alkenyl, straight or branched C,-Cg alkynyl, C5-C5 cycloalkyl including fused
cycloalkyl ring systems, C¢-C)g aryl, fluoro, tri-fluoro-methyl, cyanato, isocyanato,
carboxyl, Ci-Cs acyloxy, C1-Cg acyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro,

hydroxyl, C;-Cs alkylcarboxy, C;-Cs alkoxy, C»-Cs alkenoxy, C;-Cs alkynoxy; and

in which one of the ring carbon atom to which R' and R? are attached and the ring
carbon to which R” and R* are attached is optionally replaced with a nitrogen atom;
or any pharmaceutically acceptable salt of the compound or of the oligomer or

polymer of the compound;

wherein the compound is:

a) an oligomer or polymer comprising three or more compounds of general formula I

connected together;

b) 1,3-di-tert-butylimidazolinium, 1,3-bis(1-adamantyl}imidazolium, 1,3-bis(2,4,6-
trimethylphenyl}-imidazolinium, 1,3-bis(2,6-diisopropyl-phenyl)-imidazolinium, 1-
(1-adamantyl)-3-(2,4,6-trimethylphenyl)-4,5-dihydroimidazolium, 2-

benzylimidazo[1,5-¢]quinolinium, 1,3-bis(1-adamantyl}-benzimidazolium, 1,3-
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(ii) together with their ring atonms forma 6- to 10-nmenbered fused
saturated, unsaturated or aromatic ring system (iii) R and RS
together with their ring atons, or R2 and R6 together with their ring
atons, forma 5- to 10-nenbered fused saturated, unsaturated or
aromatic rdnngars}yﬁmdamhmmmelﬁ ﬁehlsogﬁroﬁzjdphmyl)F&meﬁl)ﬁmlthb Ihd above

R { oyet nEiR e S e Rp U REes & 4 Do e ey G iR B B e
sat ur at ed,mé&ﬁ§ﬁ5%ﬁ&h?ﬂnﬁfaz@[rl myﬁdﬂdﬁﬂ SHStigNR, 5’%375!&%11%0@&1%1‘892 nLH

or, when R and R2 together their ring atonms forma 6-
10- rrenberefd:l[lf%‘é]éwza} 611!@’:14 b%ﬁ&ﬁb‘aé%@@mmdmbmmheﬁ Mﬁrydw -2+ ne i s

present as Qnd

et ned a0 PSR R0 8 ARE  ent i lemati Py de fiek Ry

branched Gﬁn&@oﬁhrkyi-meaiyn@L(ghgo@ﬁatbb@azbeﬂu@oﬁﬁﬁnahkﬂmy}ra -Bt-a@kght or

branched C2-C6 al kynYl, C3-Cl8 cycl oal gp i ncl udi ng fused %égloalkyl
X

ring syst &wgzyl besmé&@harry i -m@Bych)? andjmetlpxydethyiHigidazelgng1ioCat§1 - C2- 06

2l Kenyi - oAV Y et EnfY il Thin STy bdafideugid =

al kyl , pheﬁkythyl-lﬁucﬂmbhﬁml bleiid-G42 2l diytlettox ylee yb)-2-methyl-imidazolium, 1-
benzyl-3-(4-acetatebenzyl)-5-phenyl-imidazolium, 1-benzyl-3-(4-methylbenzyl)-5-
phenylimidazolium, 1-benzyl-3-(3-hydroxyl-propyl)-imidazolium, 1-benzyl-3-(4-
acetatebenzyl)-imidazolium, 1-(4-cyanatobenzyl)-3-methyl-imidazolium, 1-(4-
carboxybenzyl)-3-methyl-imidazolium, 1,3-Bis(2,6-diisopropylphenyl)imidazolium

or 1,3-Di-tert-butylimidazolium, or a dimer thereof; or

c) 2,6-di-(3-benzyl-imidazolium)-pyridine, 2,2’-di-(3-benzyl-imidazolium)-1,1’-
binaphthalene, (1,2-4,5-diimidazolium)-N,N’, N, N’”-tetrabenzyl-benzene, 1,3,5-tris-
(4-methyl-imiazolium)-linked cyclophane or 1,3-dibenzyl-2-(1,3-dibenzyl-1H-
imidazol-2(3H)-ylidene)-2,3-dihydro-1H-imidazole;

or any pharmaceutically acceptable salt thereof.

2. The use of claim 1 wherein the compound is an imidazolium or an

imidazolium salt.

3. The use of claim 1 or claim 2 wherein the compound is an imidazolinium or

an imidazolinium salt.

4. The use of any one of claims 1 to 3 wherein R is the same as R®.
5. The use of any one of claims 1 to 4 wherein R® and R® are hydrocarbons.
6. The use of any one of claims 1 to 5 wherein the pharmaceutically acceptable

salt is a chlonde, bromide, tetrafluoroborate or hexafluorophosphate salt.

7. The use of claim 1 wherein the compound is an oligomer or polymer of 1-
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in which any of 124 to R7, where applicable, optionally has one or
nore carbon atons replaced with a heteroatomselected fromN, 0, S
and P and is optionally substituted with one or nore of straight or
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ridi.ne

o S R b S e R R B o e 4-acetatebenzy)-5-

(1,2-4, 5 him dadizb I Nodhzy NS -(Nmeth @bsRB Rz BREBRE) 1,2-4,5-
1,3,5-tri §(4@rret hyl -im azol i 3n) -( |n?16te}q cy (?go %eﬁg or tum, {

1, 3- di benzyimigazolivm)-.NaNZHN ”’-iww@l@ébpn@pawbwwéﬁ%pr@ys ldyhrydr o- 1H
-1 m dazol %.’m(ﬁl%ol ngﬁz g%’”h' gl%kk%pr%gﬁz 1%1?(8&0 fbiss] Sallt?: tdﬂ% errlprlet%yl) The

use of claim €rern e co A dazol Tum P
i m dazol i wmidaablium, Bbenkhb3Ysac@htebdayMihidizolklal MoehAher(giridihiteyl)-

compound I1r?11d%201|1umm dla}%glthg I(éij—rrple?ﬁyl ?nrhalz{)Tn?n%)zﬁrlﬂlcerc]il cl;/gfophzine 1,3-dibenzyl-2-
(1,3-dibenzyl-1H-imidazol-2(3H)-ylidene)-2,3-dihydro- 1 H-imidazole, 1-benzyl-3-
methyl-imidazolium, 1-(4-cyanatobenzyl)-3-methyl-imidazolium, 1-(4-
carboxybenzyl)-3-methyl-imidazolium, 1,3-dibenzylbenzimidazolium, 1,3~-dibenzyl-2-
methylimidazolium, 1,3-Bis(2,6-diisopropylphenyl)imidazolium or 1,3-Di-tert-

butylimidazolium, or any pharmaceutically acceptable salt thereof.
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4. The use of any one of clains Ito 3 wherein R5 is the sane as RG6.
5. The use of any one of clains 1 to 4 wherein R5 and R6 are

hydr ocarbons. 6. The use of any one of clains 1 to 5 wherein the
pharmaceutically acceptable salt is a chloride, bron de,

tetrafl uoroborate or hexafl uorophosphate salt. 7.The use of claiml

wherein the conmpound 0 r or polymer, of 1- .. ..
o 8 ot e TR HES ot dlaift FhaiBE chboPod 3o g-butylimidazotinium,
1,3-dii sonr:pwdmaﬂﬁa@dl)ummazamfm Cl|3bi%g;tét@Hﬁ%%tﬂ%ﬂ@ﬁﬂbhﬂid‘dﬂ%hmum 1,3-
1, 3-bis(1- adamantyl)l m dazolium 1,

tri met hyl pE€h§-Dyisomppdadenyl)-imidazolinium, 1-(1- -adamantyl)-3-(2,4,6-

ai i Py o R OB G et s-clauinotinum, 13-

1- but yl - 3biget- B&a{miﬂtﬂ?ebaizllmfﬂazéhum, 1,3- d11sopropylnmdazohmum 2-(2,6-
(1-adamanty1l) - S)gp 6-trinethyl phen f 4, 5-di hydr oi m dazol i um_ 2-
benzyl i m dHSGTAL l?fpbjDISrﬂ@Pﬁhﬁ lmﬁazo[l -a]pyridinium, 1-(2,6-diisopropylphenyl)-3-

1, 3- bi 1
di cyc: gge%il benmér[ln%%i% _11%&%5%{ JchI!ﬂf SOpr o Sﬁ%I_ Rshyimidanelley 1, 3-

di I( sopr gpyzﬂpymddﬂuml Emasﬂyl 2,5,6,7- tﬁtr?hydropyrro[lo[Z 1-c][1,2,4]triazol- 4-1um, 1,3-
2-(2,6-diis -p-nethyl | azo[1,5- a]pyridiniu

1-(2, 6-di éﬂgﬁﬁ%@q}éﬁﬁ# gm(léiazé %d{RYH?Pe%ﬁ?P%ﬂ%WHI}WiYWHd%YHOﬂQ{?drﬁ 2-
mesi tyl- 5 ety dazQhd. By Za}]lw&ﬂétﬂ%‘)' rﬂnidazoiéum 1-methyl-3-(4-

2-mesityl-25,6, /-t étrahydropyrrol of 2 ’]trlazol 4-ium
1, 3- bi s( 14mmcuhept3)li -mdlaz@iumi imethiyd BufydeBie Benzyl)-imidazolium, 1-

DY i ol R et heidactinen 140,46 trirastirylpheny Iy {4 868305,
1- met hy 1- BedR1hind oyt b -dazediteBenzid PR 3midhzolium, 1-

i socynat obenzyl)-i m dazolium

1- met hy 1- depzyl-34PBodiicBwrylethyl i imedntitinidagolivm, 1-benzyl-3-(4-acetatebenzyl)-

?_E;g%/Ly 1- §flgi}%ﬁ§t 18&1 g@g% #%?rl%:a(zi?x{rxr%:tggihzoolilzlydr—r?—phenyhmldazohum, 1-benzyl-

1-(2, 4, 6- BF(Brl’@,ﬂwdypbﬁipym)ifrﬁdz(zé}iaﬁgt%E@ybeqaadca:taiebiarda@rZ)QhﬁduﬂoliﬁmS}—(4—
Di benzy1l- 5- phenyl i rin dazol i_um, 1-Penzlyl- 3- g4-car boxyl benzy1l).- 2- .
net hyl i mi Gx%arsiqbg fﬁy 3-methyl-imidazolium, I-(4-carboxybenzyl)-3-methyl-iniidazolium,

L Denzy L 3o Bt BB DERRY i D A SRRy
met hyl car dorgpkathetzefi oy &)y ﬁhmmdncaim atazothblasylt thereof.

1- benzyl 3-(2, 2-di met hoxyl et hyl ) - 2-net hyl -i m dazol i um

2, 6-di - benz ol i - pyridi ne . . .

> 5 a3 bondyr i GE08m Lotk ghRnaynd iy dpiibenzyl-2-(1,3-dibenzyl -

1- benzyl 3m(dazatel(BMY-DRAEE]D 3 dih @3 AlH-dadole, (1,2-4,5-diimidazolium)-
benzyl-3-(2-trifluoronethyl benzyl) 2-methylim dazol i um

1- benzy1- 3LNAN @Y h;IP‘E@@B@Q;hea%%e%ﬁsdlﬁ-bewéﬁwdamh@@)mqm or2,2’-
1-b 1- o
1- b:ﬂgl- - §4 ma? Lﬁ'{lﬂgnz IHH%%{E%}T?“S %ﬁ"ﬁ' %a%egt}%llg_acceptable

diim dazolsaluﬂjedefN N’ N -tetrabenzyl benzene, 1 -benzyl-3
-(2-propyn- 1 -yl)- i i dazol i um

1-b 1-3-.( 3- hyd dazol henvl et hyl
b angoli a1 B se d ARl Kbl i pe e i 44T phApompbUd DA o

1- benzyl- %fr(uﬁﬁﬁre'd?t'g@ﬁe%alyféﬁﬁulh%g%ﬁ%ﬂaﬂﬁhceutlcally acc nptable salt thereof.
1,3,5-tris-(4-methyl-imazoliunm-1inked cycl dphane 3- di benzyl- 2-

(1, 3-di benzyl -1Hi m dazol - 2(3H) -yl i dene) - 2, 3- di hydr o- 1H-| m dazol e,
1- benzy1- 31. mgf[}liy uss o elaippl § wh@reln the compound 15 1,3,5-tris(4-methyl-

1-(4- cyanat obe m_dazol i
car boxy beIy AR <Y ot o &y ASnaricaty sesmmiehle s Brereah
1, 3-di benzyl-2- nethylimdazolium
12.  The use any one of claims 1 to 11 in an amount effective for the treatment of

fibrotic disease.
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11. The use of claim 10 wherein the conpound is
1,3,5-tris(4-nmethylimdazolium-1inked cycl ophane or any

phar maceutically acceptable salt thereof 12. The use any one of
clainms 1 to 11 in an anmount effective for the treatnment of fibrotic
di sease. 1313. Thheseskclaim 2 wheneii2hetibrogicrlisehee it hpaticifibratissease i s
hepatic fibrosis. 14. The use of claim 13 wherein the compound is an
ol i goner qr, polynmer of .1, 3-.diisopropylimdazoliumor an

phar naceut ool Ionte S b BhpEihERspoinls & sl s gty obhe- of
clainms 1 tddsdftopNindba ARG 8 hRshiatud@lly bb@plabRAIRIMrestf cancer.

16. The use of claim 15 wherein the cancer is hepatocellul ar
carci noma, |lung cancer, breast cancer, stomach cancer or glionn. 17.

The use ofl3cl ailie use dfvaweing of Blaires ko lthih gnsamount effective for the treatment

1-(2, 4, 6-tF %E£pylpheny1)-3-(4- acet at e- benzyl) -i m dazol i um or
1- benzyl- -% -acet at e- benzyl) - 2-net hyl -i m dazolium or an oligorner
or polynmer of 1,3-Bisbenzylimdazolium 1, 3,-D benzyl-2-
met hyl i m déazol iTheuie 8 dkiheh® wherbinpthe natlcenistagabealindar cadrchenzy ling- ( 4-
nethylbenzgé%{in1dazo|iun1 1- benzyl-3-(2-trifluoronethyl benzyl)- 2-
met hyl i mi GAFERHitEFASbyanterastgmash pnsRR ATt INNg) - i mi dazol i um or any
phar maceutical ly acceptable salt thereof.

17.  The use of claim 16 wherein the compound is 1-(2,4,6-trimethylphenyl)-3-(4-

acetate-benzyl)-imidazolium or 1-benzyl-3-(4-acetate-benzyl)-2-methyl-imidazolium,
or an oligomer or polymer of 1,3-Bisbenzylimidazolium, 1, 3,-Dibenzyl-2-
methylimidazolium,1,3-Dibenzyl-5-phenylimidazolium , 1-benzyl-3-(4-
methylbenzyl)-imidazolium, 1-benzyl-3-(2-trifluoromethylbenzyl)-2-
methylimidazolium or 1,3-di(2-phenylethyl)-imidazolium, or any pharmaceutically

acceptable salt thereof.
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