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(FPP) synthase (G een JR Bi sphosphonates: preclinica
review. The Oncol ogi st 2004; 9(Suppl 4): 3-13).

I nhibition of this enzynme leads to a reduction in
protein prenylation (Rogers MJ, Gordon S, Benford HL
Coxon FP, Luckman SP, Minkkonen J, Frith JC. Cellul ar
and nol ecul ar nechani sns of action of bi sphosphonates.
Cancer. 2000; 88(12 Suppl) 2961-78). As a consequence,
the producti on gioRBRRER FORERRNESEL PdsINesi s of
squal ene and stero cholesterOI) I's affected. But
also the i soprenyl ation of signaling proteins which

RospRSnitBEarld é%?&flaﬁfy &Bl@bk@ﬁ@%ﬁﬂhat@ intdiBit @rk)ét gRyaAkithin the

up onto a cystelne amno acl resi ue of
meml@paﬁe ar@visrfpaesd dlpl’g)éb}p?éﬁ (HEAD isprthpse (Green JR. Bisphosphonates:

gﬁ?ﬁﬁ&ﬁ@%@%‘ﬂﬁ%n Qélgt'Z@@l ol e{ﬂ)ﬁ 539 YIlFllgfthfnLHflthlS enzyme leads

Ivation of several r ot s involved in a

tumtsdpctign mram ptsenpslat-lhwé agefhMiHCendearS Penfeed HL, Coxon FP,
Eﬁ'crk\‘ﬁa\ﬁaéP M, FtP?fith g@ %‘éﬂu?aqtahg %@E@Jlﬁ%@&%msms of action of

ro ression een honat es: preclinica

@mbow«es @ﬂro?ém@x% ,ppb)(2§é bfBa yis3-cpgseqpares thegproduction
éEﬁPaljt ﬂgmﬂsofﬁzbgésgg{%% Bt ;c%ﬁieﬁé aﬁ‘(ﬂ &@ﬁh kél{b@este’g&g RCffected. But also

ncer

ﬁartlmmwlatmmﬂstghab%mé@pmg&h elqul\fw éhef teansfeyofa farnesyl or
gﬁgﬂlégg lggoe g (;111:5%%;&@11’1@ ngﬁpgﬁ@ resMu@'o‘f By r_ﬂr%i@n hid hampered.

stry, 2004, Vol 4, p. ure
Fepieniylagion is a posttranslational modification necessary ‘for fu actlvatlon of several

ﬁ%f pﬁ’meqlr?s ihv WA %Y mnBerdf r???ét;ﬁ'dllc%a{}mﬁp FRIANRderI Rl durvival,
cytoskeletal organisation and cancer progression (Green JR. Bisphosphonates: preclinical
review. The Oncologist 2004; 9(Suppl4):3-13; Wakeling AE. Inhibitors of growth factor
signalling. Endocr Relat Cancer. 2005 Jul;12 Suppl 1:5183-7). The pathways in which
bisphosphonates interfere are described eg. In Reszka and Rodan, Mini-Reviews in

Medicinal Chemistry, 2004, Vol 4, p. 712, Figure 3.

Felinine (2-amino-7-hydroxy-5,5-dimethyl-4-thiaheptanoic acid)
(HOOCCH(NH,)CH,SC(CH3)2CH,CH,0OH) is an important sulphur containing amino
acid known to be present in large amounts in the urine of male cats. It has been
postulated that felinine plays a role as a male pheromone designed to attract female cats
(Hendriks WH, Woolhouse AD, Tartelin MF, Moughan PJ (1995b) Synthesis of felinine,
2-amino-7-hydroxy-5,5-dimethyl-4-thiaheptanoic acid. Bioorg Chem 23: 89-100). So far,

felinine has not been shown to be present in other species than cat.

Renal metabolites of a derivative of felinine, y-glutamylfelinylglycine, were recently
identified in the blood of domestic cats (W. H. Hendricks, D.R. Harding, K. J.
Rutherfuurd-Marwick (2004), Isolation and characterization of renal metabolites of , y-

glutamylfelinylglycine in the urine of the domestic cat (Felis catus), Comp Biochem
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(HOOCCH(NH 2) CH 2SC(CH 3 CH 2CH 20H) is an inportant
sul phur contai ning am no acid known to be present in
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postul ated that felinine playga role as a male
pherormne designed to attract femal e cats (Hendriks

iol BIRbaRUSFIoMBio] 139,128k1231 VAhidMpipepade & dndtdid%5d) by the kidney

nt hesis of felinine,
ina spilaromzoRerdp gRyRIBIORed - FRATAGAte AR AR alTBrdesakn afidition to

RIS SusH @R R [15ehPOMf frdTellBhe, the€pleddte o gFerDieliken
shown to be present in other species than cat. Renal

consainingimetekolues, incisting Nracety finine; felinplglycige and unaltered -

el.in I ne r din
iR G Bueet B R TR e R
ng&frﬂylf&Dnylglyaﬁe nththgnfetu]llyd)cNtrs T km(ﬂ&ﬁ Bhnnel tog@leththdone S-
har act |zat| r ta .1es

Gt AEp iy FRrA s, SR e e 2RRelibR e RlimdBleine ingicates
tHaFalbitke diffdresdes m@yreRisBi ochenPhysi ol BBi ochem Ml Bi ol

139, 245-251). This tripeptide is netabolised by the
kidney in a simlar nmanner to gl utathione-S-conjugates

i N Desueiptianiofriéie ispedioms. I n addition to the previously
descri bed presence of free felinine, the presence of

S ev%ﬂ?b{ erlt 1{1]\;6:91%88 'i]%l‘}{eg H]:? ?@ec BQ)%&R%S\YJ L alF Ealnu@é &kgd in methods to

I Nl ne, I ne- an tere
deflerrhiuethd edtentyb oy me)mmuslmvmfer% voth stenondwmetabhh;sm Said

blomarkerrggt %Qg gg@u?iﬂyyo%cﬁrl'ﬁl@ydeh%ﬁw&gl &fﬁf:ﬁ%ﬁ%-g?%ri{‘)g%-g,s—dlmethyl—

4Shmhpp1gmme ac1dSWhnh 0t dler krewmas! felspaeiSash daﬂivduiycgjhduﬁe
etectiaon offel nngIyC|ne i ndicates that subtle
C%ImP?‘érC!ang sefr?ayulem st. Description of the invention

_|r_\‘

S OR’,!
RR’N 0
R!,

Wherein R, R’, R” and R’ are independently.: H, CH3, COCH3, COH, OCH3,
OC,Hs, Gly, Gln, Glu, Ala, Val, Met, Phosphate, or Pyrophosphate.

Preferred embodiments of the marker are gamma-glutamylfelinylglycine (3-

methylbutanolgluthatione), felinylglycine, felinine or N-acetyl-felinine.

The marker hereinbefore described is used in a method of determining the extent of

interference of a substance with steroid metabolism comprising:

determining the presence or absence of said marker in a body fluid, and intact
tissue or a tissue extract of a subject treated with said substance, wherein the presence of

N-acetyl-felinine is indicative of a substance which interferes with steroid metabolism,
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The present invention relates to a novel biomarker
whi ch can be used in nethods to determ ne the extent
W@ 200%h1296 a conpound interferes with steroid PCT/EP2007/002747
met abol i sm Sai d bi omarker carg be any naturally
occurring derivative of

ardt th@laB&née Bﬁ’ldfaQXﬁﬂ' Rlinidd i§Bididative 4f 4 subsdaged vlRich do&Gidt interfere
i ch | s al.sg. known as felinine. Such derivatives

with sterrid mesehdis®ds of the formula R' Weerein R, R, R'
and R" are independently.: H CH3, COCH 3, CO—| OCH

3, BOboth flufd piay 62 shy fldid ,deA{'a'rb]e ¥ain,a D&y, suchas BlvatiSplagha, serum
Pyrop?osphate Pr eferr e,TSOd' nment s o the rrgrker are
olyHiRfa IRfRCHUSNA is any Hpe Q af was remove from the body prior to

aﬂmtsMcauuangb %@ﬁﬂé?éﬂt PRRhtioh A tlgmk gktydct ReanyleRirhdtien @ttissue

N-‘acet yl i ni ne. ker i nbef ore .descrj bed
thagwa%,@aquﬁS &%ﬂﬁ&@d&fwlalé{l ésfqhtﬂp ugipgextactinn mythods well known

il tRE 8Ff ﬁ@ﬂﬁﬁmafheaelﬁ Bk BEd & Al dxbvivd, 8k gahﬁomtv@@@ lke#idd carried
conprising; determning.the Presence abélgnce of
1

O'étaf?fhsaﬂml?ée(boiihﬂ'a‘dbdﬂS?CY tissies, UsfHE eXtra @ g5, they, wegsregpoved from
tHelbpaye extract of a subject treated with said

substance, wherein the presence of N-acetyl-felinine

Is indicatjv a substance which interferes wth

st eloPRe "r?é‘?%fgﬁle%‘hﬁ 'gﬁ BresFR 1BFIERREthg extent of interference with

fabh@giediyhospBhte Pr&fuctidoniif@étedhin¥@ PRbferhbBy a&ttﬁaazelums@hme,

does not interfere W|th teroid nmetabolis
PlRFmaPT RN 2ot Pisferredbembagiments rﬂaﬁpr&se@&ayr a‘&aew of N-acetyl-

fihpRds dRLASINRd iISEHAEDOS subjdche. I ntact tissue is any
type of issue that was renoved fromthe body prior to

The term “extent of interference with steroid metabolism” relates to the correlation
between production of felinine derivatives and steroid metabolism, such as inhibition of
FPP. Thus, higher levels of felinine derivatives correlate with strong interference (e.g.
stronger inhibition of FPP), while low or undetectable levels of felinine derivatives
correlate with a weaker interference (e.g. a more subtle inhibition of FPP, which may be
caused by a different mechanism of inhibition and leads to a lower inhibition, e.g. of
protein prenylation). Thus, there is a correlation between production of felinine

derivatives and farnesyl diphosphate production.

The term “subject” as used herein relates to any mammal, preferably to a human
subject. It is to be understood, though, that none of the methods herein described are
performed directly on the body of subject. Thus, they are not in vivo methods.

It was found that N-acetyl-felinine could be used to differentiate between different

bisphosphonates, ibandronate and zoledronate.

Bisphosphonates are analogs of pyrophosphate in which the geminal oxygen has
been substituted by carbon (see Fig. 1 in Mini-Reviews in Medicinal Chemistry, 2004, Vol
4,p.712)

Ibandronate structure see e.g. Fig. 2 in Mini-Reviews in Medicinal Chemistry, 2004,
Vol 4, p. 712



anal ysis according to the present invention. A tissue
extract is any extract froma tissue that was renoved

w0 e@miidees body, which is obtai ned using extracPCDRP2007/002747
met hods wel |l known in the art.g The nethod herein
described is an ex-vivo, in situ or in vitro nmethod
car zhledronbie sEcRRORRS Eoﬂm M RdSiews it REddidihal €h@fhistry, 2004,
ti ssue extracts) after they were renoved fromthe

Vi P:7¥n one enbodi nent of the present invention, the
extent of interference with farnesyl diphosphate

pr ofllikdughithbycahel sth IHIBH FPPT&B&S@%M, thti) Qné@@féye Wthkterol

SYoRSo: BERAS 2 ek SGTSOR EUTH TaBS SHES 1GPAG that i & given time interval

5 zdeB6RAY lstfix%kﬂa'ﬂibﬁ%ah&d‘iﬁ%}?l%%w@ﬂ\ﬂa@ety'ltfeﬁﬁm@fin arinb Rl 18lktwith
: The term "extent of erference with steroid

ibsadremate;ssmulatignaNeacety-felipine lsveleinginingwere pdetgctable. Thus,
aRbRENE L @R pPéserfltelh{fé'Htﬂﬁ Sl etehlyRe 6f‘(ﬁ§er@ﬂﬁ’atﬁ{g¥e@w&n 1bandronate and
met abol i sm such as inhibition of FPP, Thus, hjgher
zqledrenae i a plyjeqh tisated anith athiapdepnatsar @pledeonats is alse pepigded, said
rﬂeﬂ{o%rcfoﬁ{perﬁﬁfg deferfhin UtH@?Fe'éedc@ Bt eh Qb -aE&Y) feliMdRk o8 another

| ow or undetectable Neve felinine derivatives
10 ngyrl dprvasivapf fﬁfhamﬁerare@pdv Huish indac e (s tigsueexraeteof a subject

tréé{m Jwﬁh'sﬁ‘iﬁ'sgb&h% Q'flexF ﬁ)ﬁhe\ﬁmeﬁbe oAy - a@&rlcﬁﬁﬁﬁlq ol?)énéther natural

ferent mech anlsmo inhibition and I'eads to a | ower

dﬂﬁﬁpﬁﬁ? of fghining lsgnd@atlmqft‘@leﬁhq@ tleegatignt is rﬁl)eatedm;ﬂl ibppdiomate or
zédédr%n&gf}‘r%%e?éﬂl ?66&53{{ ag{ ﬁ%ﬁkh@%ﬂi of §druf

vatives and’ arn I phosphate riroguctl on.
embodiriestyy hequtsenas ouatsdndesrfoV-acetplfelisme tiodeteymimedrimairine of a

S&S&Eerably to a human

a m]oﬁt preferred

15

The identification and quantification can either be achieved by NMR or LC/GC-
MS.

According to the present invention, N-acetyl-felinine or any naturally occurring
derivative of felinine can also be used as a marker for bisphosphonate-induced toxicity, in
20  particular kidney toxicity. In Zoledronate treated animals kidney and liver toxicity was

observed in histopathology but not so for Ibandronate.

Furthermore, the present invention provides for the use of a felinine derivative of the

formula
S e OR, 1)
(0]
RR’N
R”
25 wherein R, R’, R” and R’ are independently.: H, CH3, COCH3, COH, OCHjs,

OC,Hs, Gly, Gln, Glu, Ala, Val, Met, Phosphate, or Pyrophosphate,
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subject. It is to be understood, though, that none of
t he nmet hods herein described are perforned directly on

w0 b@7hoxdye of subj ect. Thus, they are not in viRGI/EP2007/002747

met hods. It was found that N-agetyl-felinine could be
used to differentiate bet ween di fferent

abh sRERS ROCARhK é’ln E?tntg;{rﬁﬁ%()ﬁal gteﬁpé)z%gglgﬁéﬁ 6f sl%na\}\iﬁfg gﬁoteins.

BISphOSp onat anal ogs of pyro ate |
t he gen1na| oxy n has been substituted by carbon (see.
Fi gA numbengf metapolic paghways dergnd opdroteinepiesylation. 1oxgzease in

9. Fig. 2
PR g e O AR SR i PatA BT Vol 47p.

71220Iedronate structure see eg. Fig. 2 in
nShet desspiption of Bigiesshal  Chemi stry, 2004, Vol 4, p.
712 Al t hough they can both inhibit FPP synthase and,

t NUSigur&1 £1b) SFathwdys Forsthe E}Q‘Jth&lérgf |N3§ée§y'l felE¥e HPca3Q Ph@hvys for
dlfferent extent. ‘Thus, it was found that in_a given

the syathesis of Nagcetyl &iliviperienped for sef saesier Twaisgeidesss gre proposed,
WhEHEH Sth @ked\s éﬂ 1 {1gdK tB'sﬂa?oM@ bspﬁ Oy Zﬁ ik R assumed to

|bandronate sti mul atlon N—ace -fe i nin eve s 1n
happencinithe kidpey dheethaniyatheyiy EFSaSSLH@%%ﬁOcﬁt*ﬁglrt bediner, whereby the

t IR Gs triNpBLtbPa biod B IRAKiAh ey ddf rﬁEﬁBBI‘xz@H'tQ Qe%%}"—@&ﬁi’ﬁine The

andronat e and zol edronate in ‘a subject treat
yellavheemeHsstrusiureanddpesiansasemad yothskidnegedre bhreipx marks

rggeabﬂsdasgmpa tosmag;g,leﬂ% B MvBi M ﬂh@?n gE&%%B% Sndtks e@%ﬁﬁgﬁlde,

of N-acety e or anot her ur al erivative

whigh i, Frﬁesmteé fresasherliver &p thiekidney bv bloodeAdtifferentiation between the
115! sy Aftlesi® in @t PRir€kidney synthesis should be possible by looking for the

tripeptide in plasma.
Figure 2: NMR spectra of three rats before dosing

Figure 3a)-c): Time course of bin 1.32ppm (Methyl signals of N-Acetyl felinine)

relative to creatinine: Note: Ibandronat dosed rats show no increase in bin 1.32!

Figure 4a)-c): Statistical analysis of rat urine NMR spectra reveals an important

signal at 1.32ppm

Figure 5:NMR spectra of three rats 96h after dosing: New signal at 1.32ppm visible .

for Zoledronate dosed rats only.

Figure 6: 2D, 1H, 13C HMBC spectrum of urine of rats dosed with 6mg/kg

Zoledronate for structure elucidation of N-acetyl felinine

Figure 7: LC-MS investigation of rat urine: Rat control group; No signal found
(green extracted ion chromatogram and in the middle MS trace for RT 9.6min) for

expected mass of N-acteyl felinine (m/z 248 in neg. mode).

Figure 8: LC-MS investigation of rat urine: Rat of group dosed with 6 mg/kg
Zoledronate, 96h after dosing: Strong signal found (red extracted ion chromatogram and
in the middle MS trace for RT 9.6min) for expected mass of N-acteyl felinine (m/z 248 in
neg. mode). MS/MS shows expected fragmentation pattern (m/z 119)



treated with said substance, wherein the absence of
N-acetyl-felinine or another natural derivative of
W0 2007n129¢6 i s i ndi cative of whether the patientPCEEP2007/002747
treated with i bandronate or zgedronate. Preferably,
the body extract is urine, plasma, or serum In a nost
pr eﬁigﬁﬂfe&ﬁ LErP8dh viBisatichl i ran B8RARE: Fgralisdstee with 3 mg/kg
N-acetyl-felinine is deternmined in urine of ub %H“.
IbppdrangtenPél #fterdosingdiie signalieynd foxexpgst aséio? h@'i‘“ﬁyi elinine
(RZP48 Y Hed YndMR Oor LG GCMB. According to the present
I nvention, N-acetyl-felinine or any naturally
occurring derivative of f%linine ﬁan aIsF be us'ddaﬁh%q 1
mar Kigprer 19 Lo MSppeeppantiopef rdmegRetaentro group spiked with N-acety
feRf{re! ml{fg s(i]gﬂaai RfMAIEXExpettéd nidds SONadfephRESInE (£ BB in neg.
animal s Ki dney and |ivér toxicity was observed in
meds}-opat hol ogy but not so for |bandronate.
Furthernore, the present invention provides for the
use of a felinine derivative of the fornmula wherein R
, R, R and R" are independently.: H, CH3, COCH 3,
COH, OCH 3, OC2H5, Ay, Gn, Qu, Ala, val, Mt,
Phosphat e, or Pyrophosphate,as a marker for changes in
post-transl ational protein prenylation of signaling
proteins. A nunber of netabolic pathways depend on
protein prenylation. Decrease in protein prenylation,
therefore, affects such netabolic pathways. Short
description of Figures: Figure la, b): Pathways for
the synthesis of N-acetyl-felinine in cats. Pathways
for



the synthesis of N-acetyl-felinine reported for cat
species. Two syntheses are proposed, which both need
w0 spamenyl (link to steroid synthesis!). OnePCT/EP2007/002747
synthesis is assuned to happeryin the kidney, the
ot her synthesis is assuned to start in the liver,
whereby the tripeptide is transported via blood to the
ki dney and netabolized to n-acetyl-felinine. The
yel Exnplex marks structures and reactions assumed in
t he ki dney, the blue box marks reactions assuned to
happen in the liver and the magenta box marks the
tripeptide, which is transported fromthe liver to the
Lt dnéﬁ)ﬁsa‘ys‘fﬁ . Adifferentiation between the Iiver
synthesis and the pure kidney synthesis should be
Tesdspstashe by | ooki ng forCtllﬁDéﬁ 5 BRe(SPE) ppraguaDawley rats

Fi.gure 2: NWR spectra of three rat faor 0Si ng

Retiopale 3a)-c): Tine cou?tééd%g sBam @? ggﬁm%%é B-

signals of N-Acetyl felipine) relative tqQ creatinine:

Sate: | bandronat dosed ngfges)sﬁam%tﬁc}ilép_a%@bﬁéu&f%/ Germany
Glodfandgdf © 4a) -¢): SERbiRhlcaho aalatp of ! at

rine spectra reve i mpor tant signal at

TotaB AR bOini@ale: NVR spsgidaRsof three rats 96h after
dosi ng: New signal at 1.32ppm visible for Zol edronate

Adestttlivalys only. Fi gur eABproxidnatel6 weks (VBEks ptrestment start)
gf igrine of rats dosed with 6ng/ké:1 Zol edronate for
I €A% el uci dation of N acet yPEFRFT fRchear tattoo.

Randomization Computer-generated random algorithm

1.2 ALLOCATION

No. of animals
Allo- Compound | Dose Dose | No.of (Animal numbers)
cation mg/kg]| Volume | doses Subgroup A Subgroup B
[ml/ke] Necropsy 48 hours Necropsy 168 hrs
after application after application
1% Vehicle 0 2 1 5 (1-5) 5 (6-10)
C d
2 omf;oun 1 2 1 5(11-15) 5 (16-20)
C d
3 om;;oun 3 2 1 5(21-25) 5(26-30)
C d
4 om[2>0un 3 2 1 5(31-35) 5 (36-40)
C d
5 om};Oun 6 2 1 5 (41-45) 5 (46-50)

* Control animals were treated with vehicle, only.
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Figure 7: LG MS investigation of rat urine: Rat
control group; No signal found (green extracted ion
wae koermrevogyr am and in the mddle Ms trace for RICREBIODTI)02747
for expected mass of N-acteyl_gelinine (mz 248 in
neg. node). Figure 8: LC-MS investigation of rat

1.8r i ngyUuSBANPRYWI oup dosed with 6 npg/ kg Zol edronat e,
96h after dosing: Strong signal found (red extracted

Cbﬁ’cﬁuﬁm SKIRALE1aBbaMy ContifiRns AdlcendMBohéRHRN10r15R]r changes per
6m n) for expected nass_of N-acteyl felinine (nfz

hczxrsarpc}wqmgmowdu e;ommd\@vgnamnéwﬁb dArget TPPERs rf%tfeameaﬁure 2%
398 oP rélmv% }Alh%hﬁteawée@ 30 b@%'Vlﬁz h&\ﬁ% FubSALIR Mg/ 17 Réurs dark

urine; dosed with 3 ng/ kg | bandronate,
C)@@hwéhtﬂel%l‘d@‘sﬂfrggthelhé &pegiedt found for expected mass of
N-acteé felinine (mMz 248 in ne node). Figure 10:
Acomysoflghiasst | gakndivid 'e#Hleanhwlﬁe%vm% C@Sﬁmtbmﬂraspél tops and

st§xﬁ’da!f&9ed"kdfh~d}l‘d6}§eﬂh}ﬂg d1e ﬁdwn@chm@@{ -1 SRk RYBHitE@land)

expected mass of telinine (n12 248 in neg

dumeginostdayppede rcclmr%s%rtlwm asevall agyadi @ﬁi]uejlwew(l@tybohsm cages
e R T e T S
aqliatizaion pesiodand t@mlrs@mplemgqurw@er many G oup

allocation Goups 1 - 5: 10 nales each Total nunber of
Danti mal sPafnarelhs5002 certified rodent diet non-pelleted (PMI® Nutition

International, LLC P.O. Box 19798, Brentwood, MO 63144 U.S.A.) ad libitum.

Provided to animals from the beginning of the acclimatization period.

Water Community tap-water, from Itingen ad libitum. Results of representative
bacteriological, chemical and contaminant analyses are presented in Appendix I.
See pp. 110 -113

1.4 TEST ITEMS

Compound 1: Ibandronate in saline solution
Compound 2: Zoledronate in saline solution
Control/Vehicle: Saline Solution (0.9%)

1.5 URINE SAMPLING

Urine samples were collected in metabolism cages at 0 to 4°C (automatically refrigerated
by a Tecniplast sampling/cooling unit) at the intervals given in the sampling schedule
below into sample tubes containing 1 ml of an aqueous Cs-azide (1%) solution. Before

aliquoting, urine volumes were determined.



Age at delivery Approximately 6 weeks (8 weeks at

treatnent start)

Identification Cage card and ear

wao atovoeocRkandoni zat i on Conput er - gener at ed r andp@T/EP2007/002747

algorithm 1.2 ALLOCATI ON Contrgpl animals were treated

with vehicle, only.1. 3 HUSBANDRY Conditions Standard

Caboratory Conditionyg. A rscondirtoned W th 10-15 a1 ..
changes per hour, and §§“ﬁtﬂ‘%ﬁ‘8ﬁ£°§f‘qﬁ6‘ﬁ?tfv rtgghre app?lcgtxon time
envi rogﬁfdé,tDWth target ranges for tenpeihature 22 3C
and for rélative humjdity between 30-70% 12 hours
fluorescent |ight/12 jhoidrsantpde lsbely fdreéamples Beritits Roche
during the |light perilod. Accommpbdation Individually in
MakrioApsolit¢de- 3 cagesf with wirg nmesh topGmags1 -5
st andgc%di eq ftvvofod beddi ng (|' Lignocel' Schill AG
CH 413299\t t|en23'&¢% Zler | and) duri ng nost days of the
accl)i matihgatli onpripRr | gd as well las individually in
D&y‘sa{bol [ sin dages (>300 g¢linmfecniipl ast, Itally) on thred
days| (a@ple 7, sgPle 4 and day-1) of the
accl|i patecgat|i esllegsm 0d and the |enSubgs. 4anpl i SubgreBi od.Label
Di et| Purina {chow 5002 certified rodent diet
non-lpel I"eted (PM (r) |Nutition Ijnternational, LLC P.O
Bo3¢- 1Q1§§ —Brent ‘gﬁa’_“d, :ﬁri\%%ﬂ_ﬁ’{ U-S—Ag)—atbi 3 564h
P 2<;vi déd ({o ani nal s firomtne begi nning of it he
accl| irbh{24hat|i dr5.Qdedi od. ¥éaher Conmunity t dp- wat er,
ltinnant AdA 1 +hina Rociil tle Af v ane Aclant o+ 1 v o
-4 li_alt‘(l)lt-.%,ll uuzzl-ul T Eg‘éhtlscmh [ Ul XC'JI CojCrit QLXVC —72h
(0-24h) 23.04.04
-1 -1 (pre- 25.04.04 |-24hto-16h X X -16h
dose)
-1 -1to1l 25.- -16h to Oh X X Oh
(pre- 26.04.04
dose)*
1 1(1" | 26.04.04 | Ohto8h X X 8h
dose)
1 1to2 26.- 8h to 24h X X 24h
27.04.04
2 2 to 3* 27.- 24h to 48h X X 48h
28.04.04
3 3to4 28.- 48h to 72h X 72h
29.04.04
4 4to5 29.- 72h to 96h X 96h
30.04.04
5 5to6 30.- 96h to 120h X 120h
01.05.04
6 6to7 01.- 120h to 144h X 144h
02.05.04
7 7 to 8* 02.- 144h to 168h X 168h
03.05.04

*: this samples were undergo additional special urine analysis as described below.
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bact eri ol ogi cal, chem cal and contam nant anal yses are
presented in Appendix | . See pp. 110 - 113 1.4 TEST

wo T@MB128ocpound 1: | bandronate in saline sol ut POREP2007/002747
Compound 2: Zol edronate in sahgne sol ution
Control /Vehicle: Saline Solution (0.9% 1.5 URINE

Ir%@ale'l‘}t@%é"r |tréh%4c hH@thé &8d M?ih@ szlﬁlﬁblhxi%CﬁeQ%dl fhe%gﬁgé){vhﬂlﬁtermmed
cages a o] lca refri te a
ary A BBl We ST ORI 0N I O S Fiter val s
given in the sanpling schedul e below into sanple tubes
contai ning 1nl of an aqueous Cs-azide (1% solution.
Before aliquoting, urine volumes were determn ned.:
'Mi al urine
=t - y—&f t er reachi ng
the end of the sarrpl | ng perl od, the vol une was

deternmi ned and the sanples were centrifuged at 3000
Nuédiit)m fE1b08BYas identifiednihmrink sémples on bhsiaofi Idhand 2D NMR spectra.

ShRS Bl BTl B e DOBE il B Bsgo

MWRo6 Begiter DRXSPOC §peatmﬁfeﬁeraldﬂﬂe samnbled we o @rﬁﬁh&dzarmimeasured and

i Spphispebe ARRean Sy e (Keim oS bPEspl- o s g kit
BoBasl Ve d.; Backdrks, d)atsahlemafwak asl; mndﬂswlbcﬂmﬂalsleswﬁéobnes, E;

LB, v ot S Moo Bl S EnPobpr

Ni eder hauser, U.; Hol nes, E.;

Aliquots of 400 microliter urine are transferred into well plates. For adjustment of urinary
pH 200 microliter of buffer [ca. 0.2M Na2HPO4/NaH2PO4, ca. 1 mM TSP (3-
trimethylsilyl-D4-propionic acid), ca. 3mM sodium azide] is added to each well. Prepared
well plates are centrifuged at ca. 3,000 rpm at 4°C for 5 -10 min to remove insoluble

material.

1H NMR spectra for Metabonomic analysis (e.g. at 500 Mhz, 64k data points, 12019.2 Hz
spectral width) were measured at 300K. The water resonance were suppressed by use of
standard pulse-sequences (e.g noesyprld, irradiation for 2 s relaxation delay and during
100 ms mixing time). For each sample as many transients were added as is needed to
provide spectra high enough in signal to noise. Fourier transformation was done by use of
a matched window function (e.g. Ib=1) followed by (automatic or manual) phasing and
base-line correction. Referencing was done with respect to TSP added (defined as 0.0
ppm). Acquisition and processing of spectra was performed with Bruker XWinNMR 3.5
software.

Each spectrum recorded was reduced in size for simplified statistical analysis (e.g. For
NMR spectra recorded according to the standard protocol 245 variables will be calculated
by equidistant integration between 0.2-10.0 ppm). Regions containing misleading
information (e.g. solvents, urea cover a region for 4.5 up to 6.0 ppm) were excluded or

merged (e.g. the region from 2.66 to 2.74 ppm serves as a value indicative for citrate)
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Li ndon, J. C; N cholson, J. K Chem Res. Toxicol.

2002, 15, 1380-1386). Aliquots of 400 mcroliter urine
wae@7ttansf erred into well plates. For adj ust neCE/ERF007/002747

urinary pH 200 mcroliter of _hyffer [ca. 0.2M

NaZ2HPO4/ NaH2PO4, ca. 1 mM TSP (3-

plib# E@tahyllyﬁé |'Y(L 5% RIcBRAOMrfatidRl G urfR- codldbAtsAbnlAll data-reduced

azid 1§ added to each well. Prepared well plates are
SRestTe wefm@@alaé*@e%@ a cpng@ot integrated mtensy o6 100 Nt 1y ¢ o
renmove insoluble material. | H NVR spectra for

Met abonom ¢ anal ysi s at . 500 WMhz, 64k dat
Theimuléivariate 1dpta apglyss, ég%nrg%ﬁes \iigaelsy Paksras ﬁséa%&na@d agg metabolites
deR. thEP&)f\A@hedh R1RS ARAIE e AReSdhR Webh&cd inlivideas @hd groups of

standard pul se-sequences noesyprld, irradiation
indiyidgals ifgﬁrzsk&t W&#SRféiFCb;PCgmd PARCIPA C?G@Q%n%aﬂfﬂﬁﬂs) is used for

idehfBA Exgﬁlﬁ%mh pREIRY Of 3ZnAB Mt Jsﬁ@ﬁh@ %éseth@n@dﬂﬁeamples and
as |s ne provi de spectra hi gh enough in sig

gIQyPA @f SUnpIFy BLSKPrapeinsr §rinwnt SrcHRes RIFE Eﬁ?%@@a@p‘) ’ei also used

fdpe sivhiREaW ﬂa&@ﬁ{s'& @1g§1§s gwhér 1}1 cfoﬁkﬂa&%@(m the information of
(au tfc or manual aS| n base-1i ne

d@%ﬂ‘gl‘@@ﬁ @Nsemé\oeﬁ& SHesong fisignificapehanges. Thpassignment
1sag9&qn(éaemtﬁetﬁe %%qg of aapmemﬁcwa $ald B r&'ﬂg)oﬂlgégcﬁr%' 8@ help of

spectra was perforned wth_ Bruker XWnN

pathmalianeppimR erocdutssr (KRG databas) wad vish the delpnokp spectroscopic
str@tud mlaiﬂ&pfo% Lakhowh fRtabBNAk Whes fdaSibl. For NWR

spectra recorded according to the standard protoco
N4 ALlithE %ﬁs YMulnH iR gp&ﬁja%? kAl Sgseghﬁl%lgdéhﬁt@t(see Figure 5). A

I nt egratl on bet ween . BP Regl ons contal nin
sighal|ag 3 d2ppm was observed in the 1D NMR spectra and the structure was elucidated

on basis of 2D NMR experiments (see Figure 6).
LC-MS

In addition N-acetyl-felinine was also determined in LC-MS experiments of urine

samples.

LC-MS analysis of urine was performed using an Agilent 1100 HPLC system coupled to a
Bruker Esquire 3000+ massspectrometer equipped with an electrospray interface. Urine
samples were diluted 4-fold with distilled water and 2ul injections were made from a well
plate maintained at 4°C into a 150 mm x 3.9 mmWaters Atlantis dC18 3pym HPLC
column maintained in in an oven at 30°C. The column was eluted at a flow rate of
1ml/min; mobile phase A consisted of 20mM ammonium acetate , and mobile phase B of
acetonitrile. A gradient elution started with 100% A for 5 min was linearly increased to
95% B in 15 min and maintained at 95% B for 3 min, returned to 100% A over 1 min,
and then reequilibrated over a final 5min prior to injection of the next sample. The mass
spectrometer was operated in negative mode with a dry gas flow of 81/min , nebulizer
pressure of 27 psi and dry temperature of 330°C. The instrument was set to acquire over
the mass range m/z 50-800. N-acetyl-felinine was found under this conditions at a
retention time of 9.6 min with the expected m/z 248 (see Figure 8) in samples of rats

dosed with Zoledronate. MS/MS experiments revealed the expected fragment m/z 119.



information (e.g. solvents, urea cover a region for
4.5 up to 6.0 ppm were excluded or nerged (e.g. the

WO e@7omnds om 2. 66 to 2. 74 ppm serves as a val UBCT/EP2007/002747
indicative for citrate)prior_fe_analysis. To take
account variations in urine concentration, al

et 18 ﬁdyé& B FRGGL LR QB HeSsARMIA %mhoe AodNgér ke
Integrated ‘intensity of 100 units. The multivariate

carpasponding ysssof the NHH | is foundgian/, 25i&at terns of signals,
and netabolites derived thereof, which are
significantly different between individuals and groups
of individuals. Thereby w despread PCA (principa
conmponent anal ysis) is used for identifying
significant patterns of signals and assigning these
patterns to sanples and groups of sanples. PLS
(projection to latent structures, partial |east
squares) is also used for finding significant patterns
of signals, whereby in contrast to PCA the information
of dose-groups is used for boosting the identification
of significant changes. The assignnent is perforned
with the help of an internal data base of netabolites,
with the hel p of pathway mappi ng procedures (KEGG
dat abase) and with the help of a spectroscopic
structure elucidation for unknown netabolites when
feasible. N-acetyl-felinine was found in spectra of
rats dosed with Zol edronate (see Figure 5). A signa
at 1. 32ppm was observed in the I D NVR spectra and the
structure was el ucidated on basis of 2D NWR
experinments (see Figure 6). LC-M5 In addition
N-acetyl -felinine was al so determned in LG M
experinments of urine
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an Agilent 1100 HPLC system coupled to a Bruker
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el ectrospray interface. Uinejsanples were dil uted

4-fold with distilled water and 2m injections were

made froma well plate mai ntrifed at 4C into a 150 mm

X 3.9 nmmters Atlantis dd8 3nmm HPLC col umm

mai ntained in in an oven at 300C. The col um was

1.6A HeBtbBSf dRterindiin F dhccex@®int lofintédfdtende@fialsebyphas avith steroid
conslst ed of, 2 anmoni um acetate , and nobil e phase

mstabligB COMRIEME) . A gradient elution started with
100% A for 5 min was linearly increased to 95%8 in 15
mn and I ntai ned % S%Ea&gr 3 mn,.return

- defomiming \be Presgias or ahsencheha felaingideripitive ot Fma
final 5min prior to injpction of the next sanple. The
mass spectroneter wa ated in negative node with a
dry gas flow of 8l /mn ndbul i zer pressure of 27 psi
and dry tenperature 0f-8$300C. ORe’ i nstrunent was set
to acquire over the ss range m z 50-800.

N-acetyl -felinine fougd under this conditions at a
retention tine BRRING6 nfn with the expected nmlz 248
(see Figure 8) in sanplgs of rats dosed with

Zol edronate. Ms/ M5 experinents reveal ed the expected
fragment mz 119.In LG MS N acetyl-felinine can al so
be measured in positive node. Here the corresponding

xts ﬁgg‘grc#nhlgekgmfaﬁ:a f)gﬁqugﬂeélnq{fﬁcﬁ 5I|9‘n(§i1{i"f er en %I QCHs,

subSIGEE LG G, e rAla,dVaiEVat) Bhoshate inymphgsphate

in a body fluid, and intact tissue or a tissue extract of a subject treated with said
substance, wherein the presence of said felinine derivative is indicative of a substance
which interferes with steroid metabolism, and the absence of said felinine derivative is

indicative of a substance which does not interfere with steroid metabolism

- wherein the extent of interference with farnesyl diphosphate production is determined.

2. The method of claim 1, wherein said interference is determined in a body fluid which is

urine, plasma or serum.

3. The method of any one of claims 1 or 2, wherein said felinine derivative is gamma-
glutamylfelinylglycine (3-methylbutanolgluthatione), felinylglycine, felinine or N-acetyl-

felinine.

4. A method of differentiating between ibandronate and zoledronate in a subject treated
with a aminobisphosphonate compound, comprising determining the presence or

absence of a felinine derivative of the formula
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- determ ning the presence or absence of a felinine
derivative of the formula wherein R, R, R' and R"
wae@7iimdependent | y. : H, CH3, COCH3, COH, OCH3, PQZRPENT/002747
Gy, Gn, Gu, Ala, Val, Mt, 1pPhosphate, or
Pyrophosphate. in a body fluid, and intact tissue or a

ti ssue extract of a sulfject treated with said
subst ance, wherein t sence of said felinine
derivative is indicative o\ a substance which

interferes with stergi® netab@R%m and the absence of
said felinine derivafjive is indicative of a substance
whi ch does not inte re@ith steroid netabolism -
wherein the extRR'Nof ifhterference with farnesyl

di phosphat e producti ong,s determ ned. 2. The nethod of
claiml, wherein said terference is determned in a
body fluid which is urine, plasna or serum 3. The

nmet hod of any one of clains 1 or 2, wherein said

feI I ne &n%v ﬁ’i"gphail 6’hce)pgn C&WH S#]_;IFQ #&'\Lf’ g&ﬁ-rlﬂOCHa,

o r (I)E:@Hgt}}y f@hj @]un Ala, ¥ah Mt} Ploskphite dorf Hyeopintspldte.ng
bet ween i bandronate and zol edronate in a subject
treated with a am nobi sphosphonat e conpound,
conprising determning the presence or absence of a

il 2bbdy NEiddRtdcy tksué@dr Q"Esdef&tr‘aélf dhal savfeer wéatedRvith Rid skBstance,

wﬁ%gqqglll; é?%gcggrs%?%qﬂnﬂgtg: I‘lv%‘fe is Mwa%(y%ﬁwg%' thg(x:ngect is
tr&%é@@ﬁﬂ%ﬁf&até&z@lé&?&i%té' uid, intact tissue or

tissue extract of a subject treated with said
substance, wherein the absence of said felinine

5 48e! XAhbY f Lfink B ERER G dH o dYHRE AR uridEpIRiRl ECLerbmd.

6. The method of claims 4 or 5, wherein said felinine derivative is gamma-
glutamylfelinylglycine (3-methylbutanolgluthatione), felinylglycine, felinine or N-acetyl-

felinine.

7. Use of a felinine derivative of the formula

_|_\_

S OR!!’

o
R,,

RR’N

wherein R, R, R” and R” are independently.: H, CH;, COCH3, COH, OCH3;,
OC,Hs, Gly, Gln, Glu, Ala, Val, Met, Phosphate, or Pyrophosphate,

as a marker for bisphosphonate-induced kidney toxicity.



treated with i bandronate or zol edronate. 5. The nethod

of claim4, wherein said body fluid is urine, plasm
wo@eroogeraea 6. The nethod of clains 4 or 5, whePE€I/RPRAT/A2747

felinine derivative is gammuagjyt anyl felinyl glycine

(3-nmet hyl but anol gl ut hatione), felinylglycine, felinine

8. The M AGEA Ml & Wheteesaid felidhfe dbrivatifedh bthAR-detamyifeliviglycine (3-

of the fornula R , R' and are
mﬁqhulép}a@elawg/nonem f@%ﬁselymﬁémm{ Negeghyl- ‘-‘éems ay,

G@n, Gu, Ala, Val, Met, Phosphate, or Pyrophosphate,

as a narker for bisphosphonate-induced ki dney

t oxi Cltq){ 8. The use of t%I aim?7, wherein said felinine

9. &lse pfafelipmederiyaiverof ghe fozmpla ef i nyl gl ycine (3-
met hyl but anol gl ut hati one), felinylglycine, felinine or
N-acetyl-felinine. 9. e of a felinine derivative of
the formula wherein , R and R" are
i ndependently.: H, CH3 Xl OCH3, OC2H5, Gy,
G@n, Gu, Ala, Val, § Phos te, or Pyrophosphate,
as a marker for changes in post-translational protein
prenyl ati on. (o)
RR’N
R”

wherein R, R’, R” and R”” are independently.: H, CH,, COCH3, COH, OCHj3,
OC,Hs, Gly, Gln, Glu, Ala, Val, Met, Phosphate, or Pyrophosphate,

as a marker for changes in post-translational protein prenylation.



