Bl OMARKER FOR FARNESYL PATHWAY Bi sphosphonates and especially

Am nobi sphosphonate inhibit a key enzyne within the neval onate pat hway,
farnesyl wdi phosphet e (FPP) synthase (G een JR Bi sphosptomeresrooprecl i ni cal
review. The Oncol ogi st 2004; 9(Suppl4):3-:13). Inhibition of this enzyne

| eads to a reduction in protein prenyl aﬂon (Rogers MJ, Gordon S, Benford
HL, Coxon FP, 5 Luckman SP, Monkkonen J, Frith JC. Cellular and nol ecul ar
mechani snms of action of bisphosphonates. Cancer. 2000;88(12

Suppl ): 2961-78). As a consequence, the production of FPP and, thus, the

bi osynt hesi s of squal ene and sterol (cholesterol) is affected. But also the
i soprenyl ation of signaling proteins which involves the transfer of a
farnesyl or geranyl ger anyg@ipPARK PR RELRRESVN® AaMWeyaci d residue of the
protein are hanpered. to I'soprenylatitron Is a posttrans i nodi fication
necessary for full activation of several key proteins involved in a nunber

of met abol g, RALRBAYSs M&ge&ﬂwﬂﬁrﬁ) hbsp‘ﬂéﬁﬂe‘iﬁﬂuﬁ)ﬁ%ﬂmkQﬁfﬁljnee&rﬁllun the

or ganl sation an cancer progression een R Bi sp osp onat es pr ecl i ni cal
revi ew. Th@em@w@@r&@wazd@meﬁé@sﬂpﬁm ate SEPESsynthiRe (GiegenaR- Bisrhpbhrertss: of
growm h fac | t %r 3-7).
The pat hwa %rc%lﬁlcvaﬁ@%k n%i &%Stﬁggt%s I n‘t?)eg’r léﬁr)gﬁér}g cré%fctﬁdléﬂ n%l?écﬁ
Reszka andtcRottamction i eréevm emﬂaﬁowéapgﬁrmm, Gprsiongy Bynfopdbld, Con &, p. 712,

F| gure i t i d)
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20 acid knbmphcuf@hbeatpfr Esperr. 2000188( FeSuppbea?ts-78h Asrﬂecqmrsi:qwnm thegirededion. |t

has been p i gned
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(1995b) Symehgmrgn)datlcfrecbﬂsrgnnbng proteins which involves the transfer of a farnesyl or
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t han cab. B;ﬁpmfyhﬂnom amﬁrmresbtmﬁafandérﬁlcmrl nesessaryffer fulliagtyation of several

| ut a el i we o onestic
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| sol ati on aﬁdslwtmﬁmgmsazam axdh czm‘cer prugkessien &6uien t BsBigphosphonates: prechmcal

gl ut anyl feI i f Conp
i ochem 2By Hok Bl el P WEEBE A LA GR B LR

met abol i seeigbglhn@éinldpmau@nnam 2063 Jal; 1 2rfivpprd 11:3183 g ulleet preitlowievs $2 wbishugat es
o T odls; 2Pl PBRRES Brerkde A9%ed-AaL0 hR.RE L URLY, HRAGH G pr eoBnCe
of free fellRi éD t resence of seve |n|necon alni'ng nmetabolites,

i ncl udi ng anguafemmm, neO4, Vel #nyl7gRyiégure 3and unal t er ed

ygl ut anyl fel i nyl gl yci ne was shown in cat urine. The renal netabolism of
yglutanylfelinylglycine in cats generally occurs in a simlar manner to

gl utat hione S-conjugates as in other aninmal species, although the detection
of felinyl §elychae2-amehieathedraxyet,5-sliroethyl -#ithibepsmrads acndl/ exi st. Sunmary

In a first (sﬁfé; £ t of
interfer engé} QIJHQI\IERE %%%g{gmpﬁ?d?er ol %?gbﬁp?gﬁﬁqd@lﬁg%%&%° 2hi8

det er mixi ngcitl keopnes bapesart inbsenamonhitsan fheluririend nekde caratli has beed ect ed from
the group of - i ),
felinyldgl ygl Sﬁgﬁ génﬁéfﬁrgngk’ aﬁéig P(%ﬂ_- gi %’ﬁiaﬁﬁﬂ%ﬁorﬂﬁﬁ%@%@%&ﬁ? ?E?J&%%ﬁlélegggw VO
intact ti ssﬁmmm Véa:olhomsesséllél“ aebehnm Méughand (199501 Sehthesidoiddingne,
subst ance, wher el Eesenc f i ni I LV, 1 ive
of a subst&AEE n e‘rf(gllméegh}g\n ﬁ%}feg{a%o e %% f%\s(%]tema%dg?“hgﬂgl%g%be of
said feli nfahmrchdxasvmt beea shewhndbe atdsest mbt%aersy@ﬁsaMa\Mn ch does not
interfere with steroid netabolism- wherein the extent of interference with
famesyl di phosphate production is determ ned. In a second aspect, there
is provisided a nethod of differentiating between ibandronate and zol edronat e
in arat treated nob| hon 8

determ ni ng‘ ’Eﬂéxmt%%iet?lscoe{aormg%évéer?ggég % fge wm 3’652 V3 %@e '$8 (¥t ed from
t he group afengﬁmir&gﬂmﬁ)amdl cffeilomeyzﬂxgt@m{\nfe}{( BIenézhﬂgsJ IBlR.émﬂgllguKHatl one),

felinylglyci el i,ni ne .o a fel.ipine i.n a bady fl ui x Vvivo
ntact tisRuges ﬁié\?ares\ed&tfz@@!{}eﬁ@%Pa@Pda et e e wearolt

subst ance, }M@ﬁﬁmnﬂg@rcﬁ\@s@mme Sahedbmbdtii AL(FABE ta\t@u@@mprﬂib&@hﬁs t-hat

t he rat has been treated with i bandronate and wherein the presence of said
felinine derivative indicates that the rat has been treated with

zol edronat e. In a third aspect, there is provided a use of a felinine
derivative selected fromthe group of gamma-gl utanylfelinylglycine

(3- net hyl but anol gl ut hati one), felinylglycine, felinine or N-acetyl-felinine
as a marker for bisphosphonate-induced kidney toxicity in rats. 2a In




R Werein R, R, R' and R' are independently.: H CH3, COCH3, COCH,
CHB, 0C21-13, dy, Gn, GQu, Ala, val, Mt, Phosphate, or Pyrophosphate.
Preferred enbodi nents of the marker are ganma-gl utanylfelinylglycine (3-
met hyl but anol gl ut hati one), felinylglycine, felinine or N-acetyl-felinine.

The marker herei nbefore des¢crib Ls..used i.n a. pethod,of teymning the
extent.oﬁﬁﬂﬁﬁgaBéﬁbﬁ@éﬁ@#B%fgﬁbgﬁﬁhgg'&ﬁ?ﬁ”ﬁ?@@gﬁﬂnﬁﬁﬁﬁ%ﬁﬁigﬁ#%%ﬁ%ﬁ?sing:
det er m ni;Rg e PEATRPREg I 1RBAL B @Iz 88 Iifl o kRImd] Bpatiddde\adtildendo and
intact tissue or a tissuée extract _of f‘?ii subject treated wih_ said substance,

wher ei n ttheprsveselslesaibeipaeserse of frer fahinmre. e prssanca el wxerarfelini8einst ance

whi ch interfer. ILhsster ol d- et aboli &, ~ Lihd 208 R5ELERRO07/ 002747
- 3 - and™f Lagmggén\gﬁ%bghg?’ ﬂaggét ? g{ﬂ: n%lgeiv@ﬂgﬁg&clat igl\gje o%% subst ance
whi ch doegutaniyifelivyiheise whd dhostndn oatdurived dhelrérsimetabolifmindgy 1 uid may be
any fluid, deriyvable.froma bod uch as. bl ood, plasma, r UM Qr. urine.
Intact tiZd@@y fémé’ YIRS B 3‘%?&35' PH&es %%SLF&?B&@BH%T&8§?@E§J%&® prior to
5 anal ysi &npgeet di Adbther ddisalypesien) bithavgnihie datechon bEfeligylgydinaiididagesany
extract froma tissue that was renoved fromthe body, which is obtained
usi ng ext‘ihé@t“ggﬁd%%i%ﬂ%%lepsﬁmom in the art. The nethod herein described
is an ex-vivo, in situ or in vitro nethod carried out on sanples (body
fluids, intact tissues, tissue extracts) after they were renoved fromthe

body. 10l n onturembodi ment of the present invention, the extent of
interference with farnesyl di phosphate production is determ ned.

Preferably, the bo flurd i.s urine, plas r seru I st preferred
erbod ment . (et Predentietge St R ReBEedrrir P Tl B or i ned 1 1
urine of gisrbiRelS 2 ThstdRE Mithexdredim@bbdIRELEIBNEe With steroid

met abol i sn' relates to the correlation 15 between production of felinine
deri vati ves. and;st Grotd et aboll sy UG, A% A NNRELLOR 8E, EEE LTS, hi gher
| evel s of ~ fRT TP G&T VAT VAT G T &l at e Wt h strong i Atert erence (e.qg.
stronger bdrhihPigtutonyRiinfIPR}ine Whink@ylbownelehuintiehecf-ihyiglytiav,dtidniad ofel i ni ne
derivatives correlate with a weaker interference (e.g. a nore subtle

i nhi bi ti off<BE-TEPE whi ch may be caused by a different mechani sm of
inhibition and leads to a | ower inhibition, e.g. of 20 protein

prenyl at i am} bodihihg, ank ex-ehiogntactdissueshaplieorr distsweatragradd duaitticated ofithfseldi ni ne
derivative nd farnesyl diphosphate.productij.on. . .. .The.t ) ;ect" as
ised her ons Bttt BERPONS R e SRR SBREIIRHI s gt e A SR W 15
be under stmp@ttresthigigdroidtrhasbolioneandfthd steedre b ads fdiameidarideise is ihdidatar of
performed di rectlx on .the body_ of ,sub£ect. Thys, they are not in vivo

met hods. 2 SYRstaRes ™ Pigh Aee SRRt aRESECRER ool PefPRRiS®oul d” be used to

differenti ate between different bi sphosphonates, ibandronate and

zol edr onat gherein th8egph of pirofeames with daragsal dpghosphatpyrodptiios phdgtemingdwhi ch t he
gem nal oxygen has been substituted by carbon (see Fig. 1 in Mni-Reviews

i”NEdiCi”a'C%‘e' f g?i%ﬁe ?{J'd%dﬁ’n 7%‘1%5&%”@{{ between ibandronate and
2007/ 112906PCH ERSOEBGS T1: s bpviddd syl eh aiuaring Ucture see eg. Fig. 2
in M ni - Redlidrowsitd in avetdiagied alithGrremiabisphosp k@@, covpdund, comprizin@ deethsog et hey
can both inhibit FPP synthase %Pﬁ Dussvd NLELEST £ 'ttkL% fterol.ss esi s
! ) ? i f =2,

t hey do s8%6 a i Sécpééentoqe?%t gen . Tﬁus, Tt Was ou?\lﬁnt a% |% a g%(ven time
i nt erval , glutamylfelinylglycine (3-methylbutanolgluthatione), felinylglycine, felinine or N-acetyl-felinine

in a body fluid, an ex-vivo intact tissue sample, or tissue extract of a rat treated with said

substance, wherein the absence of said felinine derivative indicates that the rat has been treated

with ibandronate and wherein the presence of said felinine derivative indicates that the rat has

heen treated with zoledronate.

In a third aspect, there is provided a use of a felinine derivative selected from the
group of gamma-glutamylfelinylglycine (3-methylbutanolgluthatione), felinylglycine,
felinine or N-acetyl-felinine as a marker for bisphosphonate-induced kidney toxicity in

rats.



5 zol edronate stinulation caused high levels of N-acetyl-felinine in urine,
while with i bandronate stimnmulation, N-acetyl-felinine levels in urine were
undet ect abl e. Thus, according to t he present invention, a nethod of
differentiating bet ween i bandronate an@3zol edronate in a subj ect treated

th a i band e onat | nat
det or mi ni ng. t Mot FREGUREE 0P SbcERIstR e A BT TRARE Breoaaroreio
nat ur al gfduﬁf%iflg\éﬁn&f. Eféhi}lﬁfeﬂﬁylglycﬁle@dﬂetﬁ&lghgnollgm%ﬁmg) IOl Dycit d ssue

extract of a subject reat ed Wi th said substance, wherein the absence of
N-acet yl - faining ordN-geetahtplinime 2aamarkér fdeehangey Wmeposttrinslationslerotsin ndi cat i ve
of whether _th p)atl ent is treated with i bandronate or zol edronate.

Pr ef er abl V”Wtyﬁaé B&IV extract is urine, plasma, or serum In a nost
preferred enbodi nent, the presence or absence of N-acetyl-felinine is
determ ned in_urine of fa 15 subject. The identification and quantification
can either be DfSHREARP BbeWFPB?n LC/ GC- MS. According to the present
invention, N-acetyl-felinine or any naturally occurring derivative of

felinine can atseréentineehiism @mrtkarnowrblbhﬁﬁ@mr@h%eIu@szJ&ﬁ@HetBQa@t@I ty,
in 20 partJﬁula Idne%;gtpe»)éh In Iedronate treated animals kidney and

liver toxiEFERgise 65€ 3HP%¥@B% FyEHees wih sisprdgactaplismp §3idr onat e.
Furt her mortﬁommer BinasEaRly ﬂa&ﬁﬁg& b%ﬁ&@&éﬁ%@ ef 2%Hﬁn&$’e{8ﬂi‘oﬁ~§,§—l&nﬂbﬂﬂﬂ—
derivative the fornula S bisl ' whetein R, R R' ‘are

i ndependerﬂt‘&ya epianoigagid, alspfnoors felipie Guch dgripatigwinaade, Al a, Val ,
Met , Phosgﬁgﬁ%unggoﬁMEgﬁgggphate WO 2007/112906PCT/EP2007/002747 as a
mar ker for changes i n post-translational protein prenylation of signaling
pr ot ei ns. A nunber of netabolic pathways depend on protein prenylation.
Decrease in protein pffenylation, therefore, affects such netabolic

pat hways. Short desTripthon of Figures: 5SFigure la, b): Pathways for the
synt hesi s of N-acetyl af el ssin cats. Pat hways for the synthesis of
N-acetyl-felinine r gﬁted for cat species. Two syntheses are proposed,

whi ch both need iso entenyl (l'ink to steroid synthesis!). One synthesis is
assuned to ha@?@b kldney the other synthesis is assumed to start in
the liver, v the tripeptide is transported via blood to the kidney
and netabolized to n-Reéetyl-felinine. The 10 yel |l ow box marks structures
and reactions assunmed in the kidney, the blue box marks reactions assuned
to happen in the |iver and the nmagenta box marks the tripeptide, which is
transported fromthe liver to the kidney by blood. A differentiation
between the liver synthesis and the pure kidney synthesis should be

possi bl e by | 68kémem RoR’, tHﬁeuidrR’rjapetnndqmmieﬁﬂﬁsﬁacmmgm@ﬁ:@}{ NRI.spectra

(Nt hy i Gt b CRpAaen I Ve M RSP Bk Gurame B BpBRE! nine: Note:

| bandr onat dosed rats show no increase in bin 1.32! Figure 4a)-c):
Statistical arkkfesied entbordahents bfithe MiiRkeapare bamnieyleainsyl@linyigpdant gt 20
signal at 1

}%%8{71 nolgluthatione), 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 fiuid, and intact
tissue or a tissue extract of a subject treated with said substance, wherein the presence of

N-acetyl-felinine 1s indicative of a substance which interferes with steroid metabolism,



Figure 5:NVR spectra of three rats 96h after dosing: New signal at 1.32ppm
vi sible for Zol edronate dosed rats only. Figure 6: 2D, 1H, 13C HMVBC
spect r uner200ir11aeo6of rats dosed with 6ng/ kg Zol edr onat @GTgEP284 7GR T4l0r e

el ucidation of N-acetyl felinine 25Figuge 7: LC-MS investigation of rat
urine: Rat control group; No signal found (green extracted ion chromatogram
and i n t hadnhdshsenddmtN-aceylf fokiniRd 1sS9n8ixhtie dfarsubstpeetddcndes not idkkdgt ey
felini nga%,g{ﬁz 2.4% in nggﬁ node). Figure 8 LC M investigation of rat

urine: ithHergibmstaB84ER with 6 ng/ kg 30 Zol edronate, 96h after dosing:
Strong signal found (red extracted ion chromatogramand in the mddle M

trace for RT Obédy iyid ey tapeduetidemadledforiadotigwhich & biobdieldsiaz se2dh 1 n
neg. node). MS/ shows .expect ed,..fragnment ati on tern‘lge z 119) WO
207/ 112968 BERF BI85 YDEOLISHE Jiit b PP T TR RS RTB R of 1 a

urine:s Rahaltis 8fcobding €5 8@ phbdeht BveBideg Al thendsonat i anPbhirat frem desheg; No
signal found for ex ted rrgsa of N-acteyl felini neén12 48 in eg. node) .
Fi gure 10990 RsNRMPNSEPIGhE PEAY drhiriis OfHiRRe. ustRg ExUaRgme we%%iﬂ ¥ with
N-acetyl i theirt MHenetBbd BBQiS8&0abed 19 WA dx i, BXPRCIres vitRSheod carried
N-acteyl felinine l( z, 248 in ne%, nmode). WO 200%1 2906PCT/ EP2007/ 002747
-7 - Exa%*ﬁpé@mm.eﬁm Haydsrppct tissups,dfsSug RTaRts bafestheysere raspevedd™ @ oup

al | ocati ape fe4y@l nunber of aninals Age at delivery to ldentification

Random zation  Crl:CD(r)(SD)I GS. BR (SPF) Sprague Dawl ey rats Standard

strain for all COVE tudi es.. Charl es R ver ut schl and GrbH Sul zfel d /
Ger maiy Groug® opee od¥ReTl She AT SRR QBT Al Piedeynes Wkks (8 weeks

at treat ngiesis UgitolpKagprddat o ndeaamital PAderaSIoNBE bety geidas atigg random
al gorithm .
‘plasma, or serum. In a most preferred embodiment, the presence or absence of N-acetyl-

felinine is determined in urine of a subject.

The term “extent of interference with steroid metabolism” relates to the correlation
15 between production of felinine derivatives and steroid metabolism, such as inhibition of
FPP. Thus, higher levels o_f felinmne 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
20 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.

25 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)

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



1. 2ALLOCATI ON Al a- cation Conmpound Dose ng/ kg) Dose Volunme [m/kg) No. of
doses No. of aninmals (Aninmal nunbers) Subgroup A Necropsy 48 hours
after appPli2eetildWséSubgroup B Necropsy 168 hrs after applGIEARPGAIAIMT Vehi cl e

021

10

15

20

25

-4 -

Zoledronate structure see eg. Fig. 2 in Mini-Reviews in Medicinal Chemistry, 2004,
Vol 4, p. 712

Although they can both inhibit FPP synthase and, thus, interfere with sterol
synthesis, they do so to a different extent. Thus, it was found that in a given time interval,
zoledronate stimulation caused high levels of N-acetyl-felinine in urine, while with
ibandronate stimulation, N-acetyl-felinine levels in urine were undetectable. Thus,
according to the present invention, a method of differentiating between ibandronate and
zoledronate in a subject treated with a ibandronate or zoledronate is also provided, said
method comprising determining the presence or absence of N-acetyl-felinine or another
natural derivative of felinine in a body fluid, intact tissue or tissue extract of a subject
treated with said substance, wherein the absence of N-acetyl-felinine or another natural
derivative of felinine is indicative of whether the patient is treated with ibandronate or
zoledronate. Preferably, the body extract is urine, plasma, or serum. In a most preferred
embodiment, the presence or absence of N-acetyl-felinine is determined in urine of a

subject.

The identification and guantification 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
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

4

S ORDI,

formula

O
R!i

RR'N

wherein R, R’, R” and R” are independently.: H, CHs, COCH3, COH, OCHs,
OC,Hs, Gly, Gin, Glu, Ala, Val, Met, Phosphate, or Pyrophosphate,



5(1-5) 5(6-10) 2 Conpound 1 1 2 1 501-15) 506-20) 3 Conpound 1 3 2 1 5
(21-25) 5 (26-30) 4 Conpound 2 3 2 1 5(31-35) 5(36-40) 5 Conpound 2
WO 2007/112906 PCT/EP2067/002747
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as a marker for changes in post-translational protein prenylation of signaling proteins.

A number of metabolic pathways depend on protein prenylation. Decrease in

protein prenylation, therefore, affects such metabolic pathways.
Short description of Figures:

5 Figure 1a, 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 isopentenyl (link to steroid synthesis!). One synthesis is assumed to
happen in the kidney, the other synthesis is assumed to start in the liver, whereby the
tripeptide is transported via blood to the kidney and metabolized to n-acetyl-felinine. The

10 yellow box marks structures and reactions assumed in the kidney, the blue box marks
reactions assumed to happen in the liver and the magenta box marks the tripeptide,
which is transported from the liver to the kidney by blood. A differentiation between the
liver synthesis and the pure kidney synthesis should be possible by looking for the
tripeptide in plasma.

15 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

20 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

25 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
30  Zoledronate, 96h after dosing: Strong signal found (red extracted ion chromatogram and
in the middie MS trace for RT 9.6min) for expected mass of N-actey! felinine {m/z 248 in
neg. mode). MS/MS shows expected fragmentation pattern (m/z 119)



6 2 15 (41-45) 5 (46-50) Control aninmals were treated with vehicle, only.
WO 2007/ 112906PCT/ EP2007/ 002747 -8- 1.3 HUSBANDRY Conditions Standard
Labor at oW 200HdR¢i6ons. Air-conditioned with 10-15 air JRARFBE7IE74hour, and
continuously nonitored environment wthgtarget ranges for tenperature 22
3C and for relative humdity between 30-70% 12 hours fluorescent |ight/12
hours dark 5 myst ¢, LOMM$invegigation bf ng utihe Rt ghgroperdoset with 3 mg/kg

Accommodat i onl ndi vidual l'y in Valcrolon type-3 cages w LI sh tops and
st andar dilOEHTeBFES &%%%‘Eﬁ‘% N’@Wb}g‘%’lndﬁﬁ?’iﬂeaﬂ ma&p@?%eyﬁfeﬁ%me

Mut t enz/ $W/4 288 inaRd) m@ddey. ng nost days of the acclimatization period as well
as individually in netabolismcages (>300 g, Tecniplast, Italy) on three

days (day -7,_.day - day-1) _.of the 10 | i mat,i zation riog and,the
entire sanpli h@urﬁé?ﬁtﬁ%%%%ﬁ%%?%%‘ﬁ&ﬁf‘%@gg‘%E‘él?tf‘?lfﬁf%i’ f‘pd]é‘%ﬁfmb&é%cegd

non- pej | %lﬁﬁné;@Mbﬁ%)gighlﬁltfb&ﬁ@fbr|eﬁﬁ>&ﬁé&ﬁﬁuﬁﬁﬁﬁﬂ\l~a¢thﬁf&irﬁhe Bax 249798eg. Br ent wood,
MO 63144 U.S. A ) ad l'ibitum Provided to aninmals fromthe beginning of the
accl i mat ized§)on peri od. WaterCormunity tap-water, fromltingen ad |ibitum
Results of representative 15 bacteriol ogical, chem cal and contam nant

anal yses are presented in Appendix |. See pp. 110 - 113 1. 4TEST | TEVS
Conmpound 1: | bandronate in saline solution Conpound 2: Zol edronate in
saline solution 20 Controll Vehicle: Saline Solution (0.9% 1.5URI NE

SAMPLI NG Uri ne sanples were collected in nmetabolismcages at 0 to 4C
(automatically refrigerated by a Tecniplast sanpling/cooling unit) at the
intervals given in the sanpling schedule 25 bel ow into sanpl e tubes
containing 1 m of an aqueous Cs-azide (1% solution. Before aliquoting,
urine volunmes were determ ned. WD 2007/ 112906PCT/ EP2007/ 002747 - 9 - Study
Day



Sanple tinme points relative to the application tine point and sanple | abels
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1.1 TEST SYSTEM

Test system Crl:CD®(SD)IGS.BR (SPF) Sprague Dawley rats
5 Rationale Standard strain for all COMET studies.

Source Charles River Deutschland GmbH Sulzfeld / Germany
Group allocation Groups 1 - 5: 10 males each
Total number of animals 50 males
Age at delivery Approximately 6 weeks (8 weeks at treatment start)

10 Identification Cage card and ear tattoo.
Randomization Computer-generated random algorithm

1.2 ALLOCATION

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

Control animals were treated with vehicle, only.
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1.3 HUSBANDRY

Conditions Standard Laboratory Conditions. Air-conditioned with 10-15 air changes per
hour, and continuously monitored environment with target ranges for temperature 22 +
3°C and for relative humidity between 30-70%. 12 hours fluorescent light/12 hours dark
cycle, with music during the light period.

Accommodation Individually in Makrolon type-3 cages with wire mesh tops and
standardized softwood bedding (‘Lignocel' Schill AG, CH-4132 Muttenz/Switzerland)
during most days of the acclimatization period as well as individually in metabolism cages
(>300 g, Tecniplast, Italy) on three days (day -7, day —4 and day -1) of the

acclimatization period and the entire sampling period.

Diet Purina chow 5002 certified rodent diet non-pelleted (PMI® Nutition
International, LLC P.O. Box 19798, Brentwood, MO 63144 U.S.A.} ad hibitum.

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

aliguoting, urine volumes were determined.

-12 to



-4 -4 to -3 22.-

WO 2007/112906

-96h to -72h X X -72h
dose) 25.04.04 -24h to -16h X X -16h -1 -1 to 1 25.-

(0-24h) 23.04.04

-1 -1 (pre-
-16h to Ch
PCT/EP2007/002747

-G.
Sample time points relative to the application time
Study Day point
and sample labels for sampies sent to Roche
Absolute Groups 1-5
day of Dates of
Days urine urine Time
sample sample
collectio | collection Subgr. A Subgr. B Label
o
-12 | -12to- 14.- Arriv. to - X X -264h
11 (24h) 15.04.04 264h
-4 ~410-3 22.- -96h to —=72h X X -72h
{0-24h) 23.04.04
-1 -1 {pre- | 25.04.04 |-24hto-16h X X -16h
daose)
-1 -lto1l 25.- -16h to Ch X X Ch
(pre- 26.04.04
dose)*
[ T(I" | 260404 | Ohtosh X X &h
dose)
1 1to2 26.- 8hto 24h - X X 24h
27.04.04 .
2 2to 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 5t06 30.- 96h to 120h X 120h
(1.05.04
6 6to7 01.- 120h to 144h X 144h
(2.05.04
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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Immediately after reaching the end of the sampling period, the volume was determined

and the samples were centrifuged at 3000 u/min [500g] for 10 min.

1.6 Determination of N-acetvl-felinine by NMR and LC-MS

5 N-acetyl-felinine was identified in urine samples on basis of 1D and 2D NMR spectra.
Spectra were acquired at 600.13MHz on a Bruker AV 600 spectrometer and at 500.13
MHz on Bruker DRX-500 spectrometer. Urine sarnples were prepared and measured and

' the data evaluated as described elsewhere (Keun, H. C.; Ebbels, T. M. D.; Antti, H.;
Bollard, M. E.; Beckonert, O.; Schiotterbeck, G.; Senn, H,; Niederhauser, U.; Holmes, E.;
10 Lindon, |. C.; Nicholson, J. K. Chem. Res. Toxicol. 2002, 15, 1380-1386).

Aliquots of 400 microliter urine are transferred into well plates. For adjustment of urinary
pH 200 microliter of buffer [ca. 0.2M Na2HPO4/NaH2PO04, 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

15 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

26 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.

25 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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prior to analysis. To take account variations in urine concentration, all data-reduced

spectra were normalised to a constant integrated intensity of 100 units.

The multivariate data analysis identifies signals, patterns of signals, and metabolites
derived thereof, which are significantly different between individuals and groups of
individuals. Thereby widespread PCA (principai component analysis) is used for
identifying sigﬁiﬁcant patterns of signals and assigning these patterns to samples and
groups of samples. PLS (projection to latent structures, partial least 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 assignment
is performed with the help of an internal data base of metabolites, with the help of
pathway mapping procedures (KEGG database) and with the help of a spectroscopic

structure elucidation for unknown metabolites when feasible.

N-acetyl-felinine was found in spectra of rats dosed with Zoledronate (see Figure 5). A
signal at 1.32ppm 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 3um 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 8l/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.



4 4 to5 29.- 72h to 96h X 96h 30. 04. 04 55 to 6 30.- 96h to 120h X

120h 01. 05. 04
WO 2007/112906 PCT/EPZOOT02T747

-12-

In LC-MS N-acetyl-felinine can also be measured in positive mode. Here the

corresponding mass of the M+H" is found at m/z 250,
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Claims

1. A method of determining the extent of interference of a substance with steroid metabolism
comprising:

- determining the presence or absence of a felinine derivative sclected from the group of
gamma-glutamylfelinyiglycine (3-methyibutanolgluthatione), felinylglycme, felinine or N-
acetyl-felinine

in a body fluid, and ex-vivo intact tissue sample, or a tissue extract of a rat 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. A method of differentiating between ibandronate and zoledronate in a rat treated with a
aminobisphosphonate compound, comprising determining the presence or absence of a
felinine derivative selected from the group of gamma-glutamylfelinylglycine (3-
methylbutanolgluthatione), felinylglycine, felinine or N-acetyl-felinine
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‘returned to 100% A over 1 mm and then reequilibrated over a final 5mn
prior to injection of the next sanple. The nmass spectroneter was operated
in negative node with a dry gas flow of 81/mn , nebulizer pressure of 27
psi and dry tenperature of 330C. Thel?pstrument was set to acquire over 30
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met hod of determ ning the extent of erference of a substance with steroid
nmet abol i sm conprising: - determ ning the presence or absence of a felinine
derivative selected fromthe group of gamma-gl utanylfelinylglycine

(3- net hyl but anol gl ut hati one), felinylglycine, felinine or Nacetyl-felinine
in a body fluid, and ex-vivo intact tissue sanple, or a tissue extract of a
rat treated with said substance, wherein the presence of said felinine
derivative is indicative of a substance which interferes with steroid

nmet abol i sm and the absence of said felinine derivative is indicative of a
subst ance which does not interfere with steroid netabolism- wherein the
extent of interference with farnesyl di phosphate production is determ ned.
2. The nethod of claim1l1l, wherein said interference is determined in a body
fluid which is urine, plasma or serum 3. A nethod of differentiating

bet ween i bandronate and zol edronate in a rat treated with a

am nobi sphosphonat e conpound, conprising determ ning the presence or
absence of a felinine derivative selected fromthe group of

gamma- gl ut anyl f el i nyl gl yci ne (3- nethyl but anol gl ut hati one), felinylglycine,
felinine or N-acetyl-felinine 4 - in a body fluid; an ex-vivo intact

ti ssue sanple, or tissue extract of a rat treated with said substance,
wherein the absence of said felinine derivative indicates that the rat has
been treated with i bandronate and wherein the presence of said felinine
derivative indicates that the rat has been treated with zol edronate. 4.
The nmethod of claim 3, wherein said body fluid is urine, plasma or serum

5. Use of a felinine derivative selected fromthe group of

gamma- gl ut anyl f el i nyl gl yci ne (3- nethyl but anol gl ut hati one), felinylglycine,
felinine or N-acetyl-felinine as a marker for bisphosphonate-induced ki dney
toxicity inrats. - 15 - 6. Use of a felinine derivative selected fromthe
group of gamma-gl utanyl felinylglycine (3- methyl butanol gl ut hati one),
felinylglycine, felinine or NNacetyl-felinine as a marker for changes in
post-transl ational protein prenylation in rats.



