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WD 2008/ 043455 PCT/ EP2007/ 008548 - 1 Bl OVARKER FOR

M TOCHONDRI AL TOXI CI TY ASSOCI ATED W TH
wobK0SIk k3 Pl DOSI S  For netabolic di sorders suchCBEPINOTONSS4S

i nduced phosphol i pidosis or phenyl ketonuria mneans for

specific diagnosis are knoywn. However, the potentia

risk of these disorders for associated toxicities such

as mtochondrial toxicity in humans is difficult to

predi ct and the significance is unknown. 5

M tochondria play a critical role in generating nost

of the cell's energy as ATP. They are al so invol ved

‘ [) )6 O

i nb T OCHINSA A AT gﬁ'qﬁ-{ BhibMor.emosts

c s U Cl Y, A C . C a O
Di sruption of mtochondria) functions by drugs can

r espbt metabofk ldisdeddrfisdth asApePirAsiced posphalpi@bsiaibt phenylketonuria
Drug-i nduced mitochondrial toxicity. Expert Opin. Drug
mapSfor sPagficrdizgrasts 4o 1: (4):655-669). Thus, there

IS a strong interest in a nmethod for predicting o
gﬂ: t H‘dg@i}gﬁ, [rtﬁﬂa [ﬁ(?&rhti‘dl tr%i/srlf a5 8ecé @%s}bﬁdé&t tf{fir_ ass%&'(a&ﬂf)gdxfdties such as

i sorder. erefore, e .present inven n provides a
HH{ERCEBHS‘F%FO’&@%MWW indpthict wrpradiscanchige ;51%8}ﬁcﬁﬁlf§df pknown.
compound for inducing mtochondrial toxicity which is

ass agitGtheddih iplay @ cAEEAROld & GUnSARTHRN mofOPIhe dellY edbrgy as ATP.

asuripng the |l evel of PAG.in a body flujid sanple, b).

ngYrﬁé‘? iaﬂa infelved \ig| otfer dRAtAIRCRIGOEARS Whhay HEFa| gjpgration, haem
sHthEAGrffaity 6BeR] oIR8l N an i ncreased | evel of PAG

in conparison with said control is indicative that

said. 20 co und i ndyces_m tochondrial toxicity. which

s MIEBEHER aef WHIThandRAlABBICHEnY DY oREP . camprely iipicgl death by
apbRofiB{RITHabCet Al SOFeHFuted AitSthbRArid1 983688 Expert Opin. Drug Metab.
ng%gﬁ§0|lplgosls or .a netabolic disorder caused by

ORr o (8- @ c P09 s e.g. inborn error of

ureagenesis, or an inherited nmetabolic disorders such
as e.g. phenyl ketonuria. A preferred enbodi nent of the
invention is therefore a nethod for determning a 25

risk, of phosphol i pi doti ¢ conpound. for jinducing , o
m t E@H?} Flicar 2t hsangi Pierehie A ‘P%tgog(sjf%EWét“éJdlng{tﬂChondrlal toxacity

asibugtet RCLehRibOEPRRb R dosi s, conpri si ng
KM 30. 07. 2007 WO 2008/ 043455 PCT/ EP2007/ 008548 -2 a)

nmeasuring the level of PAGin a body fluid sanple, b)
confiaedefigetthe pkaved inodntidatgovideedmdodwbt Betefiginigetisk of a

f PAG of .a control .wherei.n an increased.l.evel. of PAG .
pRRbS B2 HE shPReRRe MG E e Pl PR R Brigh g estodated with
agitabolic dmpoderdcampugeg ni t ochondrial toxicity which is

[ i —ingxﬁqﬂ- hol i pi dosi s.
a??%gﬁkﬁ%gg%%%gﬁggﬂﬁ%¥}p| SIS?FS gﬁ@torape di sor der
bt pempering the deyebyf @m¢<hPAGﬁVIﬂofheéﬂi§h®ﬂg‘l@ of dsomniFelhi n
whetdiPan IncReased RvdiRE PAYSAOMRArisGPWRAYRES oh RELS iftcative that said

compound induces mitochondrial toxicity which is associated with a metabolic disorder.

Preferably, the metabolic disorders is a drug-induced phospholipidosis or a
metabolic disorder caused by inborn errors such as e.g. inborn error of ureagenesis, or an

inherited metabolic disorders such as e.g. phenylketonuria.

A preferred embodiment of the invention is therefore a method for determining a
risk of a phospholipidotic compound for inducing mitochondrial toxicity which is

associated with drug-induced phospholipidosis, comprising

KM/30.07.2007
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phosphol i pi dosis are cationic, generally anphiphilic
nmol ecul es which interfere wwth the phospholipid

woreioabed4ssm and turnover. Few drugs have been PEPBP106T008548

to cause 1o phospholi pidosis_bn humans. The onset and
the severity of phospholipidosis depend on cunulative
a%{égwfrfgtﬁ@%veﬁﬁm i 4 88dyHuid S&h n(contlnuous

ver sus |ntern1tt e _presenc

T
bisemppriag the leyel Pﬁe StermHNeY Bé@d‘p‘Fl?:theéWé Oﬁ %A"% RER cartrgle
vﬂi;t]arelﬁ hf %Eﬁi‘éﬂébd’le‘i}él%f ?A%%Warlséﬁlﬁ?t%lsﬁﬁalcoﬁtrtﬁgﬂ Qxlsdhﬁatﬁlfe that said
0S 0Si.S i s ul trastructura
RRBRe s RRe AR WHEH et bReHdatL e indpped
phyqﬂﬁmpnkmmf various cell types, especially in
Iynphocytes macr ophages, and parenchymal cells.

Pho hS ermfar severa
| ysgfgrg giaho ephdahgéc{aogg Js 3 stordge d hsorc{eﬁ cflaracr:]terlzed by accumulation

oﬁblphbspiiohp[dsummltlahl arllof ilei, piias the lyh@somes Compounds inducing
ndo helial. cells, The,term "drug-indyce .
bR RENF des Faidhin dRuedly rRShir malreE: MRS fllmtare with the
phosphodipjal esealbdlisaf add auchoud. | Few ieugpodidve Seeh sepdrted to cause
p&s gg%rgf a.%BOSphO|IpIdOtIC conmpound. The term
BHOCIRBICS S48t @ "t onpound” refers to a compound t hat
is able to induce phospholipidosis (see for exanple

Readthe oast aKdalea\sevéﬂ]}yugfphmtﬂm;hdlahl@slpﬂmidi g clorukative &posure and
t,her.e functi onal uenc Biol Med, 2001,

G S e (RIS E teT RaToal not £ oat e

Wi th a conpound or an animal treated with 25 another
confitie netevdnes elfyfoatny smadrbphageoripdight! mhisrasodpit de«'rd: isf cimidicative of

i techondri a,.;or the , treated ani mal .befor
Pt el PR N et the. Bl daRtotot BhEBROhPERETR' based on
ultrdshiubturdleclnapss (menbtahoal Jamdlhe lhdnﬁbnd?h&ilea)slmsleajlysosomes of
her ei n refers herei.n. to hen | acetyl gl yci e in roden
VRO e S A 1 D R e P o Bt RO e
I n species other than rodents such as 30 for exanple

phe?% %)%% 1§ fét sfa ;me sel{)eJ { y(?f tPer Brgosto 4T ato %g di asseg |in which

I nc eny ace

theegerisweal a@npgndfacghengatlan of }ipigh ycthqeetlme@@osiebmlﬁs The term
@ 5839{97ﬁ}%9€§§1§;1d0§3”méa§s gﬂle g?iﬁogg aHﬁSﬁiteHQB the presence of

Xl cClt conpoun
afRes ﬁpﬁgebpéy YR 8 dressis éfﬂlee dticomrrainge The tsgm
“ﬁ@dsphbﬂ;ﬁﬁﬁﬁ@&orﬁﬁorﬂ{c?’\&@f&d tor coﬁfpdﬂl'n&@ﬁét3§alﬂ@€b induce

ers.. Pref.erabl uch a t
PRSP IOHPHCH (S o X P B Y g Beseeprihapagtipidosis
Anathebefudiotienalicd iseyaehced?l” Bipl Biad ipdde 00N, 2261\828+80pm1 i f 5
sai d ani mal has a phenyl acetyl gl'yci ne equival ent.
Preferably, the body fluid sanple is blood or urine.

net o%rnﬁffog frﬁg Iy an taﬁﬁnﬁ(ﬁ%y trfeiltléa q?thgaae(?ﬂjrﬁdn‘?l cfgr 'nrll%nﬁrllht?eated with

bt al ni are
apetheheompgund whereby ﬂWeotb?It corrm%m;éer %ﬁomfm @étorhondig, or the

t&ﬁt%dlaﬁuﬁﬁmerdr@&emﬁéﬁt cliithf813ph aﬁmoﬁpdﬁawréagse values
t e | eve ﬂg in particular of
eéé%??W%W@H e and phenyl acet ygl utanine. The term

"level " relates to anpbunt or concentration of PAGin
an individual or a sanple taken from an individual.
The term “PAG” as used herein refers herein to phenylacetylglycine in rodents and .

to any molecule equivalent to phenylacetyiglycine in species other than rodents such as
for example phenylacetylglutamine in human. The term “PAG” also includes salts of

phenylacetylglycine and of molecule equivalents of phenylacetylglycine.
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In the context of the present invention, anount also
relates to concentration. It is evident, that from

wo bmsheidsd anount of a substance of interest i PCHEP2007/008548

sanpl e of known size, 15 the_gaqncentration of the
substance can be cal cul ated, and vice versa. The term

* MeAYH IdffiodahEEChAg 5 Orelilt, GHRSRRcity BY A RAE B AbBnds.
o det erm ni ng é anount . or concegt ratjon
Té\fé%?épawng%w sia rRpaRdsariichymay s Head fF frewiment or prevention

dgigsasés il ﬁladSlrliiefEEPﬁt(ﬁé}@bl ] fuieﬁgﬂtéét bbddse vrh a?ﬁf 6€4 mddse or

n 0 skKi int art ef err
gy B sRFT 0% kiray B dobe il bogy Pl RRIGET any animal if
s@damnnﬂdmsn@h&mﬂquﬁggheée@hvﬂaﬁZOOZ) Physi ol ogi ca
variation and.analytical reproducibility in

“met abonom ¢ urinalysis (Chem Res. Tox. 15,

138Grafeadly, thedwxly Smpletwrhlocéd\,@) yrinds Mareipirefedbly the body fluid
ERORTELARE AMfiethb ECHR OGS f

S e BT L Ene Lk o bec gt o e
Eﬂ?%ﬁhﬂ@gﬂaphy wi t h phot odi ode array detection
(LC-DAD), Gas Chronamtography 25 (GC). The present
i NV dhkipersodlskille@ irotHedesis farbitier With Afferat mMahkey off rﬁéasurmg the

rial 0Xi.C ferred [ e u
(et RS e S RbrAs<eh e G cind PhebRicetBumiid 1 he term
“vetttdites iocardowmnrodenncedrabpaiof PADI iy antihdividetbdral sample taken
a drug-induced phospholi pidosis or a
ﬁ%n?%%ﬂf ?SOrder caused by inborn errors such as

|nborn error of ureagenesis, or an _inherited
rret élbéhei ongxs of therpsessntinvertian, gmophbalyd felatestarcoacentastion. It is
eRHEASTAR ¥ m HRQotalBhaRR dfG AbSAH QY irhteredt MG sh AIUCSLnown size,
ﬂngSph0|lgnﬁ§S s. ,\WD 2008/0434 PCT/ P2007/OO 548 -4
e spbstampg eAn Rl e ARdvicg versa.

n1tochondr|a) toxicity in body fluid sanples of any

ani ffhle térfn '&ﬁéaﬂuﬁﬁg"rmtoﬁd&% entepgesaitsnvention relates to determining the
% er A qnc mgil\ %I, g?eggrggﬁ‘rggr%ﬂﬁpv }tgtgtetlye?rnq%[nﬁgatwely Measuring can
bnﬂom@ﬂmﬂmw:a) tOXICIty in body fluid sanples of human

or rodent, whereby the rodent is preferably arat or a

no uﬁfethosds%ledét@{dﬂéoﬁ@ IR K& knd¥n to@gll glﬁn tl?esargﬁ?gﬁrred methods

herein refers | ecules 1.n an.

cempries MNMR Giet §ingle PylspNNIR ag dessribedim Keun, Hheetals 42003
Pamlagaadzah@w&{ 80d ariiBp ftﬁﬁx*epﬂ)d&&bﬂ[tﬁﬁﬁﬁfé&b@hoﬁl@@@rnﬁcﬂy&@c(Chem

Rﬁsa&l% ﬂﬁl E?E?Oogggéhlgﬁ% C%I Stl%%%ggy @\4&?%' ; C r\f@@s&dﬂmatographlc

tephuidued, &quddi ahlnomn'&)gﬁhpﬁlfyaﬂ&mholat digtectmhe(&@nUVO Aliguid
e B o B S IR BN S B PR R oBlaphy
(@ehdi tion, disease, or conpllcatlon The Ievel of a
suitable biomarker can indicate the presence or

absence of a particular condition, disease, or risk,

and thus all ow diagnosis or deternination of the

condjtion, disease or risk. The ent tian _
rel ﬂi‘%grets?i“én‘f&“tnoe rHrnghff aausﬁé’ghé %‘g@ﬁfm?oé ff ial
told'ntljfEBﬁ:fErrrddgs BAG se SOBAGaasiaks: fof rrﬁt@el%ndl‘aﬂl tdd@cifii¥sociated with
Bcgmne ns or agent known to the person skilled

E%ﬁ% art“For exanpl e, a suitable agent maybe any

klnd of I|gand or anti body
Preferably, the metabolic disorders is a drug-induced phospholipidosis or a

metabolic disorder caused by inborn errors such as e.g. inborn error of ureagenesis, or an
inherited metabolic disorders such as e.g. phenylketonuria. More preferably, the

metabolic disorder is drug-induced phospholipidosis.
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specific for nmeasuring said biomarkers. The kit may
al so conprise any ot her conponents deened appropriate

w0 mooshes4sont ext of neasuring the | evel (s) of tPEI/EP2007/008548

respective biomarkers, 20 such as suitable buffers,
filters, etc. Cptionally, the kit may additionally
c omrAé Sy BESREA £ W?korféaferfn%ﬁ% B{lﬁ}cgﬂﬂdﬁﬂ%mfﬁﬂﬂ Bty fluid

any ne sur enment respec et erm ning
sme!qﬁ of amnanipy ifisidaningthes prdogepewn rhenplaresighcine or an equivalent

thépeb € PreferaBFPPAGLSHsed amaapel deeerﬂrusleg %ro&raﬁaﬁmohhey in body

abolic disorders js dr ug-
fﬁﬁ%@%ﬂ%‘ﬁ R CTodsn, BRSIDY e tdeh Harc: ﬁ’éf@dawr a pryuse.
i nborn errors such as inborn error of ureagenesis or
an iTheaeirh Ebioneirkdyd bi Emdikeot dbarssd haneithrefiss & lgnolecules in an

iHHf?'or ﬁzﬁfxfgﬂlﬁ%&ﬁe}s %W%ﬁa?f Iylle%nt \/1 & l‘lcsle':]n'(r{a r1]rli|careasn§%r dacre%seg levels)

Pevel "tort§sgon
dgpending enpeetenesaslabsenise obzr ecgelm cwrrdxem,rctmseawl, enccrreplactaesn In
Pafridudlit %@h&ﬁlcﬁ%grk@s ar«%lgerne%§§r%g§+rpg d(?utcﬁﬁl(f}ﬂagﬂe%lfferentlaﬂy

tOXICIE assocl at ed
Hr?ﬁGPWeeﬂJ ghrough, rrtcn@r%@redecméedr leved Af XPAESSTDO QT dREROIST)(ip Presence

or EBS&E@?QI ce?ﬁl'tlrijcéﬂdm&@ rdl%@%&teéﬂ"& gatibg. TI%quVépr @sultable

p 9 I@(F? g;lr\%hag:ﬁ{ec g ggr%p%gg re\rml:en a;%gflg‘l%gqc ?t?onr, Idglisease, or risk,
addShmM]bw Rugfrisald |dytermi1’fh®10mb1f aixadoindittbrs disdse or $ish

drug-i nduced phosphol i pi dosis or a metabolic disorder
caused Dby inborn errors such as e.g. inborn error of
ureagenesi s, or an inherited netabolic disorder such

as e.g. phenyl ketonuria, WO 2008/ 043455

PCT/IEPPoGPn008et®n 2l rehitesip @ kitrromprising 4 meansl gyan agent for

makatespAig. the use of said kit in any of the nethods
accor ng to the present invention for determning the

rlsg ﬁ% hos hollglla tic agpound for inducin

BHLAGIGART OF BEPETRY PGATE HITebledueassio paep tknpHngo the person

skiitdifinthe art. Boseatpie, @rsuﬁzﬂﬂe eg‘eaeﬁ&y b aﬂ}f kﬁﬁhﬁﬂ]@_ﬁhdﬁlbr antlbody
| sorder

G aSSOCIat d w
]ig | vfodu elasurfslrgesfaéireb annarketr h elﬂgriél%é%%'ﬁ‘i oy %)I%%rrls&eapy °§hez§ Smponents
dderned appmpe@lepmdsmwtaxp pHimeassiriog the levad(sdbbtheaestiestivedsomarkers,
sCAUREHitMe bIRAL IR S such as e.g. inborn error of
ureagenesi s, or an inherited netabolic disorder such
as eI% phenyl ketonuria. The term"normal level" as
use@riiongily, thekig mey pdditigeallnsazeptse aryter s maanalder mpquprating the

r@ultb@ﬁéhyf dlédsdr&ﬁdl H@ds{? w‘iﬁlfrf@s peeitb rdétermﬁuﬁg WHeE—Her Eﬁ ugd]@ldﬁﬁl suffers
nore.|I n S .no Su rin m,t OC rra

g Ptopgorelt e B ete B BEBlT flooeter #greis i meiabolic

disosdeted pacferably dreg-anduded @hbsp}it’bllp(dpsle ofl @ sgetatadliselisorder caused by

11%90”11 eH‘ b %é:ﬁ Q%bo%?ér\% (Ftaur%agﬁl: SiS ({rraansihgf)rbted rIbbohc: cflsorders

i ndi vi dua
tpﬂheasergaphvlyﬂmt@qrmﬁaemo arlyrprich rmaelfue]r mby wcludrnefqrm;mon about
wiagplgeasm@d 1@9&1 @eérerp%rraetd &h Heleased 1§%ﬁ by nethods wel |
nomn to 'ed person in the art. A preferred
Egd |s for exanple to deternrne t he range of the
val i8¢ Pieéefr}éwr@élﬁn Aekates toths use gf ikt foreasspssing mitochondrial

toMdigTsé R ebwhla dhetabicMordatah U8 $n (ﬁUffd%hld Puith@rm(:ﬁ@ I theinvention
val ues

' . d f
S0 B g e e L R
indkegingtrhispcomdniek togicitp winidh is babddisted A(lth)a‘ shetupoliodisbider. Preferably,
tHerH{@cQﬁbl%%J}H ® Q??Qé gr%u%@(!l Rﬁés%&lg%ldg%lg Belk &egta%d 11?¥l1s8rder caused

increased | evel
by mpern exgrs pyell aheg-dnborneter of umagmsrse@reqn mhemermtabphc

dRefer Ehdk A eSAPREF ketonuria.
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35

20 which is significantly higher than the nornal

| evel. Significantly higher neans that the level is
whr@bes34snd that the difference to the nornmal PEWEP2005008548

statistically relevant (p :S Q505 preferably, p <

0.01). PAG may al so be used as target Therefore, t he

pr esgnt

o e PP rEgY %eiaﬁés PR Qi aBPRE 08 foas

rrdureht@ e preserpanyention for defermining @lﬂe@ﬁﬁd&lqsghrlmidotlc
R%AIHRING fsmdﬁehg %t&hoﬁ&ﬁﬁ@&hﬁg WRich & QE&%&E@M@Ia%&ﬂasohc

(ﬁﬁﬁnﬁ%gf{} %ﬂ@aslﬁgg%nlgﬁ%lg Oegﬂ%%glﬁety Qflsorgaotg& wi |aI rpgta%@hc disorder in an
iadiratuah ®seferatiBy theanethbolitndisoriérdha afdgonqrduaécEp}mEhelﬁplabsm ora

[ d . d
SR TR enfr RePpidri) r SERBIR S vt dfirestenesis, oran
icherged ntetapolip dispeder sychods eqpphenyicsomirtah PAG. PAG may
be imobilized prior step a) or between step a) and

st ep[‘}p:)term hﬁ%ﬁﬁl@ 1WaW, 9‘?{}8 rh%réné/ ré?%g &L {}quﬁ%{}iﬁhe levgl og PAGina

|nvent|on
hogy Suihwanpleof h@)rémler Fmtr@xemﬂ @smownpéwmhraés nqﬁéufﬁmreg from

ARG @loRdHET toRIHP 288 ciaRfl wl{H ﬁénp;’alomrxrh@&@a@a @ni¥l before

intended tqQ be |imt r e specifie
PR BET lo% RIUER M erhsrsrramrﬁwg R IR rathghe nlmber of
12 IORIAK I fdrsbly HgROORAA Q88 480re-phefefabljunbte thag B0G rost preferably

‘%Qﬁ%%arth E@,Qﬁﬁ%" 85%‘@?%‘5%:6% ge‘gf(“%;“eg B3 G chsi C%t%ell%%‘?w'n”t% the skilled
PRrs08,16 t18i &t.tA plfelfanmdanaﬂlbgl lis- foh exayrhple 16 determyine _the range o{ the values
bl Gl pf QR & b i 500 o AR A Yhide he

yrami
nozmsl Bpge ef rnfqtb@rrwré@,nyravmfe%% pf alipalyes of the control.
(2-chl oro- phenyl ) -6-norpholin-4-yl-

pyr |'Idierpa§rdld>%1cd}\|sﬂiﬁishé/ﬁeﬂr§@QHHW’lﬁiﬂrﬁ@oﬁl@le nEhﬁwseatas According to

hows a present at.i on, of a
(B B G ok B DA G o Al SO Die Y o6t bigmarker.
'Iliel téilbﬂR"mr:nemdSmb'tas usad le€in refdrsao Wﬂ%ﬁ@ lof PAG. in Bt dy fluid sample

rratr c d i,n r.ey. i pha

Mg B epiteanty effifin U ndPRLIPY YeBRt i BBl Pt the
1¢vsl is hagher amd that thedbfferiehcd o théveomxad davsl io stapstrmlly relevant (p <0.05,
(rggltagm ybgre 15 spectra of the tinme point +144 h

are S as ‘a stacked plot. Figure 3 shows a

gr aphi cal repr esentation of the relative nean PAG

condéYit PRy rlsA be pesreasdangat: dhmsfare the present inyekioamrawres a method

of E@@érﬁﬂg fir taltoapoRad Mhich interbds ®itBIPG. Such methods are well known in
rifluoromethyl-phenyl)-N

%edfarfz chl or o- phenyl ) - 6- nor phol i n-4-yl -pyridin-3-yl]-N

15 net hyl -i sobut yram de) related to time matched

contA mltabhnpdzthsd 1s(ﬁonexarniplaﬁ1ermd:thodvef grednitf foat @llokpholipidotic

céﬂlgﬂﬁﬁd déﬂ- 1%) \%ﬂh 'ﬂCf, fél%%gg?rﬁ zmpé(ct?n IHAJE V&ig{ acéoqnapound

anlna S were adepicte

or rlrpérrrglgler of r:prguppendrs wishsordigerpwhich pllow prterehem of s#id edmpound
ok Q%Mﬁh@tdf%em@eaﬁd%@l PRES &Rl Bpaeteamg tRY ﬁ'lt@ra@tflor?@émle@r?saxd

derive rom ani S trete vvlth conpound
cpBPEYN OBPLU@WPFH FETRRK YAGhenyl ) - I\I-met hyl -
[ 6- (4- et hyl - pi perazin- 1- yI) 4-o0-tolyl-pyridi n-3- .
PAG may be immobilized prior step a) or between step a) and step b).

Having now generally described this invention, the same will become better
understood by reference to the specific examples, which are included herein for purpose
of illustration only and are not intended to be limiting unless otherwise specified, in

connection with the following figures.
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yl'] -isobutyramde) related to tinme matched contro
sanples. Control aninmals were indicated by a square,

wo owsdemssl ani mal s (300ng/ kg) by a full circl epery@P2007/008548

hi gh-dosed animals (1500ny/ kg); were depicted in a
triangle. H gh standard deV|at|ons visible for
mégggdosed animal s can be attributed to differences of
I hdir vi dual response kinetics and 25 response
|ntenS|t|es WO 2008/ 043455 PCT/ EP2007/ 008548 -7-

| es nerci al |y avai |l abl ea ent refe r.ed to
| n t %“%)3%7”%@%3?@%‘2@6“‘5%6& (E’?l %CG"Y urer's
p}reﬁylamylglunﬁnimnI(B};s:c@ﬁﬂ&ﬁm& se- (3@Bﬁ&hﬁdorcﬁn&hﬂfm{e®§% 1):N-methyl-

FReCE Dby Bpecy h?@%;t&h@/gﬂ%ﬁg FeeyEieg (©

hd+tayr) Bisdriuasnsqbdiflieagl) BY- | SR shldrayphanyl) i6Armorpholin-4-yl-
. ey or the care and use of
- gf@f@ et S%BSBT"E%{ &) by the NCH. Mal e Wstar

rats (5 anjmal s/ dose-group) were purchased from RCC
( Fultigyg3¢beys a giaphicalmeprragntatien air worsar of spectral data: The top

paldliskbdsaht yxanﬁﬂ@ af £ AN AR WBESruP 8&en %al doyln%yrat The
?ava e mnt doses og st. conpoun ?
eI bR Rl sedemighe ?]Hglaélé e bk 1ok contains
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i u&lcaqu \g)cf) Ia lsjclirl?asre,\i\evfr edoggcf animals. (gOOmg olgjyn 29 Rill c1rcPe andri‘B I'(]iosed

adinfds BHOBDgtleg) fvdetwdapﬁmédww xphaplyl ) - N-net hyl - N-[ 6- (4-ne
thyl - plpera2|n- I -yI) -o-tolyl-pyridin-3-yl]

i Sgpégltré ?ﬁre?‘ent;ﬁmn f, th?\lr_eﬂazilv(ein 6&G corhceﬁtratlon
la)yp n@sampp@glweﬁfwnyam § t@jq:aﬂ;edgw Fompound 1 (2 (3 5- BlS—
trifhdFB YA 'lJp%@Hﬂ § Y- A% -'N Y@ I'Qll %&ﬁﬁ b%ﬂkm ITEI )X4 E)OLBSII pyridin-3-

ehi.cl e he struct fere

F%ﬁﬂégllé;ﬁde@ ﬁaﬂmeyme%?hﬁ%eqréfq 2@&?199« quﬁ@l e;zwdhyére
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oy el e e %?%eéln@fnagé“}a@@'s%e?f e Vil for
higipdispd ahintdlt yan Hehﬁtribml\lﬂhobhﬁdzren@&af italiviéuad frespongedunietics and
% bselilen { I mportant reason why conpound 2 has a
BM/pO en Ial” and conpound 1 a high potential to
i nduce - phosphol i pi dosis. WD 2008/ 043455
PCT/ EP2007/ 008548 -8 The above descri bed cl ear
differences in the physico-chem cal properties of the
two conpounds all ow despite the high structura
simlarity of both conpounds (differences

ompound
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are depicted inred in Figure 1) a clear distinction
of the conpounds. Dose Conpound Dose | evel Nunber of

wo 2008/0848per of rats G oups (ng/ kg/ day) SubgrBPCPEP2007/008548

Subgroup B (necropsy 48 hours-(necropsy 168 hours

after application) after appllcatlon) 1 Vehicle 0 5

(1 -10) 2 Compound 1 300 5 (11-15) 5 (16-20)
ﬁ%ﬁﬁﬁﬁg 1 1500 5 (21-25) 5 (26-30) 4 Conpound 2

300 (31 35 436 40) 5 Cbnpound 2 1000 5 (41-45) 5

( 46-GoR ayaijabl TeBLAP LIS r@d tog@,ﬁhfcﬁ;ﬁ@pj_esavere used according to

raaﬂ‘ﬁa&uﬁlrslﬁstﬂuthwmests RylerpRieMdidatdd. met hyl - N-

[ 6- (4- et hyl - pi perazin-1-yl)-4-o-tolyl-pyridin-3-yl]

-i sobutyram de; Conpound 2 =

2-(3,5-Bis-trifluoronethyl -phenyl)-N-[4-(2-chloro-phen

yl) - 6- nnrphol|n 4-yl -pyridin-3-yl]
ample 1: palsr Bosedend Yeplihge/ control : Thi xtrope

vehicle 10 Exanple 2: PAG Measurenment by NVR Urine

feamalseMaledwWestirdbaen(ROC day., Fillinsdyrf)- 1, 1, 2, 3, 4, 5, 6

and 7, whereby Day 1 was the Day of dosing Absolute

day fgrarufﬂarsee@mumsmhm 5areaay§ec1ﬁea&> SHIR 18w @Al i sdcoftaince with

(4 agbige for Big e sy %lw’?%r%';vv s el B e Vit i

rath (5 AnipflBhgse-g2dtnp X were babchased frdeRCCE (Fillingsdodf, $8it24land) and

iyl BSR4 ST ULy o o

tost QQMPOQH® ({leble 1).qConttgl apithals recdiged she)antyolgngof wehitle as

pﬁzel’%1 I'Necf%ﬂ? s nglgo%}‘rgﬁ)zﬁﬁig%ﬁb%‘%oﬁq gof @6@ﬂ9ﬁrszm§§&o§§ﬁaﬁer a

Smlezﬂm}m@,geﬁw é— axH) x0d yupe sawnpile% werg colecgerhin metaholisg cages at
016 QPC l‘alﬂt@ﬁﬁugﬁﬁﬂr@fr%erawd Bifa 'F@cﬂiﬁlhdﬂ Garhphin@Bed 13 uhit (RATK B940,

Tecmplast US?\?)Dz(t)tntﬁg 1r}tgrv'z:112 eglvterll r1Trtleth%fsarnpﬁng Ychedule in Table 2 into labelled

sample tubes containing 1 ml of an aqueous Na-azide (1%) solution. Before aliquoting,

urine volumes were determined.

Compounds:

Compound 1 = 2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N- [6-(4-methyl-
piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-isobutyramide;

Compound 2 = 2-(3,5-Bis-trifluoromethyl-phenyl)-N-[4-(2-chloro-phenyl)-6-
morpholin-4-yl-pyridin-3-yl]-N-methyl-isobutyramide,

Vehicle/control: Thixtrope vehicle

The structural difference between both molecules can be mainly characterized by
the exchange of the piperazine against a morpholine moiety in compound 2. This leads to
a down shift of the basic pKa value from 7.67 to 4.07. Besides the reduced amphiphilicity
the lower basic pKa value of compound 2 is the most important reason why compound 2

has a low potential and compound 1 a high potential to induce phospholipidosis.
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(ﬁ?lq%{ I)\{d&r@*\ o %1%%] was trii?p;elrge(%atly%nél rﬁr&\é g.ls, round bottom,
f@@ﬁm@ﬁ@ waith screg s sepi PEYBtpp¢trosshipin yxa)mmatlons (Bruker

Arfhtyt&-CRbET, RhBRsRMtED,-Ger FRAP WY uk & shrdNo P853 8. Thd viﬁlls] were stored at
g{éy-ﬁ:get hyl isobutyram de). "Spectrum | D G oup Ani nal

PAG R118317_10_1 Control 1 -144 1.1031
R118318_10_1 Control 2 -144 0.7560 R118319 10_1
ContUrirte amplebdvdle Bieparedrhii83&urkd oh {Brukeos00MHZAMR instrument

e TR TR e

veriggurBandRinkd3R4l reprotducbality o n@taborndmic @7BAysis. Chem. Res. Tox. 15,
1580-3385) ahd al dCQBBE@hbovedln thikt 467 BRBsamples were analyzed. After

measurement, all data were processed by XWINMR 3.5.6 (Bruker Biospin AG,
Fillanden). Representative spectra are depicted in Figure 2. Phase correction and baseline
correction were performed with NMRPROC 0.3 (T. Ebbels, H. Keun; Ifnperial College).
Spectral data were binned using AMIX 2.6 (Bruker Biospin AG, Fillanden) following the
COMET Data Processing & Pattern Recognition protocol (Keun, H.C,, et al., (2002)
Physiological variation and analytical reproducibility in metabonomic urinalysis. Chem.
Res. Tox. 15, 1380-1386). QC check procedures (Dieterle F., Ross A., Schlotterbeck G.,
Senn H. (2006) Probabilistic Quotient Normalization as Robust Method to Account for
Dilution of Complex Biological Mixtures. Application in 1H NMR Metabonomics. Anal.
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- Calculate median out of the PAG bins

20 - Calculate ratio versus time-matched controls

Compound 2: 2-(3,5-Bis-trifluoromethyl-phenyl)-N-[4-(2-chloro-phenyl)-6-
morpholin-4-yl-pyridin-3-yl]-N-methyl-isobutyramide

PAG levels were normalized to time matched control animals for compound 2 as
25 described above. No significant dose dependant change of PAG was detected for
individual animals dosed with Compound 2 (see Figure 3 and Table 3). The PAG levels

of both dose groups were comparable to their time matched controls.

Compound 1: 2-(3,5-Bis-triﬂuoromethyl-phenyl)—N-methyl-N-[6-(4—methy1-
30 piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-isobutyramide

Mean PAG levels were determined (as described above) relatively to time matched

controls for all animals dosed with Compound 1. A significant dose dependant elevation
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Table 3C: PAG levels in animals 1 day (-16h) before treatment with vehicle,
compound 1 (2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[6-(4-methyl-piperazin-
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phenyl)-N-[4-(2-chloro-phenyl) -6-morpholin-4-yl-pyridin-3-yl]-N-methyl-
isobutyramide).
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Table 3F: PAG levels in animals within 8 to 24 hours (24h) after treatment with vehicle,

compound 1 (2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[6-(4-methyl-piperazin-
1-yl)-4-0-tolyl-pyridin-3-yl]-isobutyramide) or compound 2 (2-(3,5-Bis-trifluoromethyl-
phenyl)-N-[4-(2-chloro-phenyl) -6-morpholin-4-yl-pyridin-3-yl]-N-methyl-
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Table 3G: PAG levels in animals 2 days (48h) after treatment with vehicle, compound 1
(2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[6-(4-methyl-piperazin-1-yl)-4-o-
tolyl-pyridin-3-yl]-isobutyramide) or compound 2 (2-(3,5-Bis-trifluoromethyl-phenyl)-
N-[4-(2-chloro-phenyl)-6-morpholin-4-yl-pyridin-3-yl]-N-methyl-isobutyramide).

Spectrum_ID | Group Animal | Time| PAG
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R118626_10_1 | Control 4| 48]0.2236
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Table 3I: PAG levels in animals 4 days (96h) after treatment with vehicle, compound 1 (2-
(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N- [6-(4-methyl-piperazin-1-y1)-4-o-tolyl-

pyridin-3-yl]-isobutyramide) or compound 2 (2-(3,5-Bis-trifluoromethyl-phenyl)

N-[4-

(2-chloro-phenyl)-6-morpholin-4-yl-pyridin-3-yl] -N-methyl-isobutyramide).

Spectrum_ID | Group Animal | Time| PAG
R118700_10_1 | Control 6 9610.3697
R118701_10_1|Control 7 96]0.3249
R118702_10_1| Control 8 961 0.3650
R118703_10_1 | Control 9 9610.6536
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R118705_10_1| Compound 1_Low_Dose 16 9610.3038
R118706_10_1|Compound 1_Low_Dose 17 9610.1334
R118707_10_1 | Compound 1_Low_Dose 18 9610.2845
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Table 3L: PAG levels in animals 7 days (168h) after treatment with vehicle, compound 1
(2-(3,5-Bis-trifluoromethyl-phenyl)-N-methyl-N-[6-(4-methyl-piperazin-1 -yl)-4-o-
tolyl-pyridin-3-yl]-isobutyramide) or compound 2 (2-(3,5-Bis-trifluoromethyl-phenyl)-
N-[4-(2-chloro-phenyl)-6-morpholin-4-yl-pyridin-3-yl]-N-methyl-isobutyramide).
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The samples were collected from the abdominal aorta or by cardiac puncture under
terminal anaesthesia (CO,). A total of at least 2ml blood was required to gain buffy coat
(buffy coat = leukocyte band) samples.

After fixation in 2.5% glutaraldehyde, the buffy coat samples from all animals were
embedded in Epon. Semithin and thin sections were prepared from samples of all vehicle,
all compound 1 treated and compound 2 high dose treated animals (animals treated with
the lower dose of compound 2 were not examined as the high dose animals did not show
any lymphocytes with lamellar bodies). All thin sections were examined ultrastructurally.
If possible, 200 lymphocytes per sample were examined for lamellar bodies. The results
per sample include the total number of lymphocytes examined, the total number of
positive lymphocytes (i.e. with lamellar bodies), the percentage of positive lymphocytes
and a grading of severity of phospholipidosis (criteria see table 4)
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Lymphocytes containing cytoplasmic lamellar bodies indicating a compound-
induced phospholipidosis were seen in animals treated with compound 1 only. Lamellar
bodies occurred dose dependently and were already seen 48 hours after application. At
300 mg/kg/day of compound 1 the incidence of affected lymphocytes was about 5-12 %
and partial or complete recovery was seen 168 hours after application. At 1500 mg/kg/ day
of compound 1 15-31% of the lymphocytes were affected. There was no obvious
difference in the incidence of affected lymphocytes between the two different time points,
i.e. there were no indications of recovery within 168 hours after application. Animals
treated with compound 2 did not show any lymphocytes containing cytoplasmic lamellar
bodies.
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phosph011p1d031s, metabohc disorders caused by inborn errors or inheri ed metabolic

disorders

3. The method according to claim 1 or 2 wherein the body fluid is blood or urine.

4. The method according to any one of claims 1 to 3 wherein PAG in the biological
fluid is determined by methods comprising NMR spectrometry.

5. Use of PAG as marker for mitochondrial toxicity.

6. Use according to claim 5 wherein the mitochondrial toxicity is associated with

metabolic disorders.
7. Akit comprising a means or an agent for measuring of PAG.

8. The kit according to claim 8 wherein the kit further comprises a user’s manual for
interpreting the results of any measurement with respect to determining the risk of a
phospholipidotic compound inducing mitochondrial toxicity associated with a

metabolic disorder.

9. The kit according to claim 8 or 9 wherein the metabolic disorder is drug-induced
phospholipidosis, metabolic disorders caused by inborn errors or an inherited

metabolic disorder.

10. Use of a kit according to any one of claims 7 to 9 for determining the risk of a
phospholipidotic compound for inducing mitochondrial toxicity which is associated

with a metabolic disorder.

11. Use according to claim 10 in a method according to any of claims 1 to 4.



i nduced phospholipidosis. 2. The nmethod according to
claim1l wherein the netabolic disorder is drug-induced

wd Goophampiol | pi dosi s, metabolic disorders causedr/Bp2007/008548
i nborn errors or inherited ne?gbolic di sorders 3. The
met hod according to claim1 or°2 wherein the body

L e o s oL NP BE RGP s
fl dhtu@ inducket grosphdipidysisratetadbdbic dr;n;derssq:anged\WRnborn errors or
Spegt Qercriet Et% olgt dl§0rd#§e of PAG as marker for

n1{ oXI ClI 6. Use according to cIain15
mhereln the n1tochondr|al toxicity is associ ated

13eMetdscuses end Kisy sibstantiglly@sthereiprpefprg ¢rgcrabadessnect “éiﬂ‘
ag Shnfpfe 8. The kit accordlng to

cl %?%F%&aﬁgﬁgﬁﬁé%{é?l<lt further conprises a user's
manual for 20 interpreting the results of any
nmeasurenent with respect to determning the risk of a
phosphol i pi dotic conmpound i nduci ng mtochondria
toxicity associated wwth a netabolic disorder. 9. The
kit according to claim8 or 9 wherein the netabolic

di sorder is drug-induced phospholipidosis, nmetabolic
di sorders caused- by inborn errors or an inherited 25
nmet abolic disorder. 10. Use of a kit according to any
one of clainms 7 to 9 for determning the risk of a
phosphol i pi dotic conmpound for inducing mtochondria
toxicity which is associated wth a netabolic

di sorder. 11. Use according to claim1l0 in a nethod
according to any of claims 1 to 4. WO 2008/ 043455

PCT/ EP2007/ 008548 -28 12. Use according to any one of
the clains 6, 10 or 11 wherein the netabolic disorders
is drug-induced phospholi pidosis, netabolic disorders
caused by inborn errors or inherited netabolic

di sorders 13. Methods, uses and kits substantially as
herei n before described especially with 5 reference
to the foregoi ng exanpl es



